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ORGANIZATION,  PLAN  AND  SCOPE. 

The  Carnegie  Institution  of  Washington  was  founded  by  Mr.  Andrew 
Carnegie,  January  28,  1902,  when  he  gave  to  a  board  of  trustees  an  endow- 
ment of  registered  bonds  of  the  par  value  of  ten  million  dollars.  To  this 
fund  an  addition  of  two  million  dollars  was  made  by  Mr.  Carnegie  on 
December  10,  1907,  and  a  further  addition  of  ten  million  dollars  was  made 
by  him  January  19,  1911;  so  that  the  present  endowment  of  the  Institution 
has  a  par  value  of  twenty-two  million  dollars.  The  Institution  was  origi- 
nally organized  under  the  laws  of  the  District  of  Columbia  and  incorporated 
as  the  Carnegie  Institution,  articles  of  incorporation  having  been  executed 
on  January  4,  1902.  The  Institution  was  reincorporated,  however,  by  an 
act  of  the  Congress  of  the  United  States,  approved  April  28,  1904,  under  the 
title  of  The  Carnegie  Institution  of  Washington.  (See  existing  Articles  of 
Incorporation  on  the  following  pages.) 

Organization  under  the  new  Articles  of  Incorporation  was  effected  May 
18,  1904,  and  the  Institution  was  placed  under  the  control  of  a  board  of 
twenty-four  trustees,  all  of  whom  had  been  members  of  the  original  corpora- 
tion. The  trustees  meet  annually  in  December  to  consider  the  affairs  of 
the  Institution  in  general,  the  progress  of  work  already  undertaken,  the 
initiation  of  new  projects,  and  to  make  the  necessary  appropriations  for  the 
ensuing  year.  During  the  intervals  between  the  meetings  of  the  trustees 
the  affairs  of  the  Institution  are  conducted  by  an  Executive  Committee 
chosen  by  and  from  the  Board  of  Trustees  and  acting  through  the  President 
of  the  Institution  as  chief  executive  officer. 

The  Articles  of  Incorporation  of  the  Institution  declare  in  general  "that 
the  objects  of  the  corporation  shall  be  to  encourage,  in  the  broadest  and  most 
liberal  manner,  investigation,  research,  and  discovery,  and  the  application 
of  knowledge  to  the  improvement  of  mankind."  Three  principal  agencies 
to  forward  these  objects  have  been  developed.  The  first  of  these  involves 
the  establishment  of  departments  of  research  within  the  Institution  itself, 
to  attack  larger  problems  requiring  the  collaboration  of  several  investigators, 
special  equipment,  and  continuous  effort.  The  second  provides  means 
whereby  individuals  may  undertake  and  carry  to  completion  investigations 
not  less  important  but  requiring  less  collaboration  and  less  special  equip- 
ment. The  third  agency,  namely,  a  division  devoted  to  editing  and  print- 
ing books,  aims  to  provide  adequate  publication  of  the  results  of  research 
coming  from  the  first  two  agencies  and  to  a  limited  extent  also  for  worthy 
works  not  likely  to  be  published  under  other  auspices. 


IX 


ARTICLES  OF  INCORPORATION. 


Public  No.  260. — An  Act  To  incorporate  the  Carnegie  Institution  of 

Washington. 

Be  it  enacted  by  the  Senate  and  House  of  Representatives  of  the  United 
States  of  America  in  Congress  assembled,  That  the  persons  following,  being 
persons  who  are  now  trustees  of  the  Carnegie  Institution,  namely,  Alexander 
Agassiz,  John  S.  Billings,  John  L.  Cadwalader,  Cleveland  H.  Dodge,  William 
N.  Frew,  Lyman  J.  Gage,  Daniel  C.  Gilman,  John  Hay,  Henry  L.  Higginson, 
William  Wirt  Howe,  Charles  L.  Hutchinson,  Samuel  P.  Langley,  William 
Lindsay,  Seth  Low,  Wayne  MacVeagh,  Darius  O.  Mills,  S.  Weir  Mitchell, 
William  W.  Morrow,  Ethan  A.  Hitchcock,  Elihu  Root,  John  C.  Spooner, 
Andrew  D.  White,  Charles  D.  Walcott,  Carroll  D.  Wright,  their  associates 
and  successors,  duly  chosen,  are  hereby  incorporated  and  declared  to  be  a 
body  corporate  by  the  name  of  the  Carnegie  Institution  of  Washington  and 
by  that  name  shall  be  known  and  have  perpetual  succession,  with  the  powers, 
Limitations,  and  restrictions  herein  contained. 

Sec.  2.  That  the  objects  of  the  corporation  shall  be  to  encourage,  in  the 
broadest  and  most  liberal  manner,  investigation,  research,  and  discovery, 
and  the  application  of  knowledge  to  the  improvement  of  mankind;  and  in 
particular — 

(a)  To  conduct,  endow,  and  assist  investigation  in  any  department  of 
science,  literature,  or  art,  and  to  this  end  to  cooperate  with  governments, 
universities,  colleges,  technical  schools,  learned  societies,  and  individuals. 

(b)  To  appoint  committees  of  experts  to  direct  special  lines  of  research. 

(c)  To  publish  and  distribute  documents. 

(d)  To  conduct  lectures,  hold  meetings  and  acquire  and  maintain  a  library. 

(e)  To  purchase  such  property,  real  or  personal,  and  construct  such  build- 
ing or  buildings  as  may  be  necessary  to  carry  on  the  work  of  the  corporation. 

(f)  In  general,  to  do  and  perform  all  things  necessary  to  promote  the 
objects  of  the  institution,  with  full  power,  however,  to  the  trustees  herein- 
after appointed  and  their  successors  from  time  to  time  to  modify  the  con- 
ditions and  regulations  under  which  the  work  shall  be  carried  on,  so  as  to 
secure  the  application  of  the  funds  in  the  manner  best  adapted  to  the  con- 
ditions of  the  time,  provided  that  the  objects  of  the  corporation  shall  at  all 
times  be  among  the  foregoing  or  kindred  thereto. 

Sec.  3.  That  the  direction  and  management  of  the  affairs  of  the  corpora- 
tion and  the  control  and  disposal  of  its  property  and  funds  shall  be  vested 
in  a  board  of  trustees,  twenty-two  in  number,  to  be  composed  of  the  follow- 
ing individuals:  Alexander  Agassiz,  John  S.  Billings,  John  L.  Cadwalader, 
Cleveland  H.  Dodge,  William  N.  Frew,  Lyman  J.  Gage,  Daniel  C.  Gilman, 
John  Hay,  Henry  L.  Higginson,  William  Wirt  Howe,  Charles  L.  Hutchinson, 
Samuel  P.  Langley,  William  Lindsay,  Seth  Low,  Wayne  MacVeagh,  Darius 
O.  Mills,  S.  Weir  Mitchell,  William  W.  Morrow,  Ethan  A.  Hitchcock,  Elihu 
Root,  John  C.  Spooner,  Andrew  D.  White,  Charles  D.  Walcott,  Carroll  D. 
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Wright,  who  shall  constitute  the  first  board  of  trustees.  The  board  of  trus- 
tees shall  have  power  from  time  to  time  to  increase  its  membership  to  not 
more  than  twenty-seven  members.  Vacancies  occasioned  by  death,  resigna- 
tion, or  otherwise  shall  be  filled  by  the  remaining  trustees  in  such  manner  as 
the  by-laws  shall  prescribe;  and  the  persons  so  elected  shall  thereupon 
become  trustees  and  also  members  of  the  said  corporation.  The  principal 
place  of  business  of  the  said  corporation  shall  be  the  city  of  Washington,  in 
the  District  of  Columbia. 

Sec.  4.  That  such  board  of  trustees  shall  be  entitled  to  take,  hold,  and 
administer  the  securities,  funds,  and  property  so  transferred  by  said  Andrew 
Carnegie  to  the  trustees  of  the  Carnegie  Institution  and  such  other  funds 
or  property  as  may  at  any  time  be  given,  devised,  or  bequeathed  to  them, 
or  to  such  corporation,  for  the  purposes  of  the  trust;  and  with  full  power 
from  time  to  time  to  adopt  a  common  seal,  to  appoint  such  officers,  members 
of  the  board  of  trustees  or  otherwise,  and  such  employees  as  may  be  deemed 
necessary  in  carrying  on  the  business  of  the  corporation,  at  such  salaries  or 
with  such  remuneration  as  they  may  deem  proper;  and  with  full  power  to 
adopt  by-laws  from  time  to  time  and  such  rules  or  regulations  as  may  be 
necessary  to  secure  the  safe  and  convenient  transaction  of  the  business  of 
the  corporation;  and  with  full  power  and  discretion  to  deal  with  and  expend 
the  income  of  the  corporation  in  such  manner  as  in  their  judgment  will  best 
promote  the  objects  herein  set  forth  and  in  general  to  have  and  use  all  powers 
and  authority  necessary  to  promote  such  objects  and  carry  out  the  purposes 
of  the  donor.  The  said  trustees  shall  have  further  power  from  time  to  time 
to  hold  as  investments  the  securities  hereinabove  referred  to  so  transferred 
by  Andrew  Carnegie,  and  any  property  which  has  been  or  may  be  transferred 
to  them  or  such  corporation  by  Andrew  Carnegie  or  by  any  other  person, 
persons,  or  corporation,  and  to  invest  any  sums  or  amounts  from  time  to 
time  in  such  securities  and  in  such  form  and  manner  as  are  permitted  to 
trustees  or  to  charitable  or  literary  corporations  for  investment,  according 
to  the  laws  of  the  States  of  New  York,  Pennsylvania,  or  Massachusetts,  or 
in  such  securities  as  are  authorized  for  investment  by  the  said  deed  of  trust 
so  executed  by  Andrew  Carnegie,  or  by  any  deed  of  gift  or  last  will  and  testa- 
ment to  be  hereafter  made  or  executed. 

Sec.  5.  That  the  said  corporation  may  take  and  hold  any  additional  dona- 
tions, grants,  devises,  or  bequests  which  may  be  made  in  further  support  of 
the  purposes  of  the  said  corporation,  and  may  include  in  the  expenses  thereof 
the  personal  expenses  which  the  trustees  may  incur  in  attending  meetings  or 
otherwise  in  carrying  out  the  business  of  the  trust,  but  the  services  of  the 
trustees  as  such  shall  be  gratuitous. 

Sec.  6.  That  as  soon  as  may  be  possible  after  the  passage  of  this  Act  a 
meeting  of  the  trustees  hereinbefore  named  shall  be  called  by  Daniel  C.  Gil- 
man,  John  S.  Billings,  Charles  D.  Walcott,  S.  Weir  Mitchell,  John  Hay, 
Elihu  Root,  and  Carroll  D.  Wright,  or  any  four  of  them,  at  the  city  of  Wash- 
ington, in  the  District  of  Columbia,  by  notice  served  in  person  or  by  mail 
addressed  to  each  trustee  at  his  place  of  residence;  and  the  said  trustees,  or  a 
majority  thereof,  being  assembled,  shall  organize  and  proceed  to  adopt  by- 
laws, to  elect  officers  and  appoint  committees,  and  generally  to  organize  the 
said  corporation;  and  said  trustees  herein  named,  on  behalf  of  the  corpora- 
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tion  hereby  incorporated,  shall  thereupon  receive,  take  over,  and  enter  into 
possession,  custody,  and  management  of  all  property,  real  or  personal,  of  the 
corporation  heretofore  known  as  the  Carnegie  Institution,  incorporated,  as 
hereinbefore  set  forth  under  "An  Act  to  establish  a  Code  of  Law  for  the 
District  of  Columbia,  January  fourth,  nineteen  hundred  and  two,"  and  to  all 
its  rights,  contracts,  claims,  and  property  of  any  kind  or  nature;  and  the 
several  officers  of  such  corporation,  or  any  other  person  having  charge  of 
any  of  the  securities,  funds,  real  or  personal,  books  or  property  thereof,  shall, 
on  demand,  deliver  the  same  to  the  said  trustees  appointed  by  this  Act  or 
to  the  persons  appointed  by  them  to  receive  the  same;  and  the  trustees  of 
the  existing  corporation  and  the  trustees  herein  named  shall  and  may  take 
such  other  steps  as  shall  be  necessary  to  carry  out  the  purposes  of  this  Act. 

Sec.  7.  That  the  rights  of  the  creditors  of  the  said  existing  corporation 
known  as  the  Carnegie  Institution  shall  not  in  any  manner  be  impaired  by 
the  passage  of  this  Act,  or  the  transfer  of  the  property  hereinbefore  men- 
tioned, nor  shall  any  liability  or  obligation  for  the  payment  of  any  sums  due 
or  to  become  due,  or  any  claim  or  demand,  in  any  manner  or  for  any  cause 
existing  against  the  said  existing  corporation,  be  released  or  impaired;  but 
such  corporation  hereby  incorporated  is  declared  to  succeed  to  the  obliga- 
tions and  liabilities  and  to  be  held  liable  to  pay  and  discharge  all  of  the  debts, 
liabilities,  and  contracts  of  the  said  corporation  so  existing  to  the  same  effect 
as  if  such  new  corporation  had  itself  incurred  the  obligation  or  liability  to 
pay  such  debt  or  damages,  and  no  such  action  or  proceeding  before  any  court 
or  tribunal  shall  be  deemed  to  have  abated  or  been  discontinued  by  reason 
of  the  passage  of  this  Act. 

Sec.  8.  That  Congress  may  from  time  to  time  alter,  repeal,  or  modify  this 
Act  of  incorporation,  but  no  contract  or  individual  right  made  or  acquired 
shall  thereby  be  divested  or  impaired. 

Sec.  9.  That  this  Act  shall  take  effect  immediately. 

Approved,  April  28,  1904. 


BY-LAWS  OF  THE  INSTITUTION. 
Adopted  December  13,  1904.    Amended  December  13,  1910,  and  December  13,  1912. 


Article  I. 

THE   TRUSTEES. 


1.  The  Board  of  Trustees  shall  consist  of  twenty-four  members,  with 
power  to  increase  its  membership  to  not  more  than  twenty-seven  members. 
The  Trustees  shall  hold  office  continuously  and  not  for  a  stated  term. 

2.  In  case  any  Trustee  shall  fail  to  attend  three  successive  annual  meet- 
ings of  the  Board  he  shall  thereupon  cease  to  be  a  Trustee. 

3.  No  Trustee  shall  receive  any  compensation  for  his  services  as  such. 

4.  All  vacancies  in  the  Board  of  Trustees  shall  be  filled  by  the  Trustees 
by  ballot.  Sixty  days  prior  to  an  annual  or  a  special  meeting  of  the  Board, 
the  President  shall  notify  the  Trustees  by  mail  of  the  vacancies  to  be  filled 
and  each  Trustee  may  submit  nominations  for  such  vacancies.  A  list  of  the 
persons  so  nominated,  with  the  names  of  the  proposers,  shall  be  mailed  to  the 
Trustees  thirty  days  before  the  meeting,  and  no  other  nominations  shall  be 
received  at  the  meeting  except  with  the  unanimous  consent  of  the  Trustees 
present.  Vacancies  shall  be  filled  from  the  persons  thus  nominated,  but  no 
person  shall  be  declared  elected  unless  he  receives  the  votes  of  two-thirds  of 
the  Trustees  present. 

Article  II. 


MEETINGS. 


1.  The  annual  meeting  of  the  Board  of  Trustees  shall  be  held  in  the  City 
of  Washington,  in  the  District  of  Columbia,  on  the  first  Friday  following  the 
second  Thursday  of  December  in  each  year. 

2.  Special  meetings  of  the  Board  may  be  called  by  the  Executive  Com- 
mittee by  notice  served  personally  upon,  or  mailed  to  the  usual  address  of, 
each  Trustee  twenty  days  prior  to  the  meeting. 

3.  Special  meetings  shall,  moreover,  be  called  in  the  same  manner  by  the 
Chairman  upon  the  written  request  of  seven  members  of  the  Board. 

Article  III. 
officers  of  the  board. 

1.  The  officers  of  the  Board  shall  be  a  Chairman  of  the  Board,  a  Vice- 
Chairman,  and  a  Secretary,  who  shall  be  elected  by  the  Trustees,  from  the 
members  of  the  Board,  by  ballot  to  serve  for  a  term  of  three  years.  All 
vacancies  shall  be  filled  by  the  Board  for  the  unexpired  term;  provided,  how- 
ever, that  the  Executive  Committee  shall  have  power  to  fill  a  vacancy  in  the 
office  of  Secretary  to  serve  until  the  next  meeting  of  the  Board  of  Trustees. 
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2.  The  Chairman  shall  preside  at  all  meetings  and  shall  have  the  usual 
powers  of  a  presiding  officer. 

3.  The  Vice-Chairman,  in  the  absence  or  disability  of  the  Chairman,  shall 
perform  his  duties. 

4.  The  Secretary  shall  issue  notices  of  meetings  of  the  Board,  record  its 
transactions,  and  conduct  that  part  of  the  correspondence  relating  to  the 
Board  and  to  his  duties.  He  shall  execute  all  deeds,  contracts  or  other 
instruments  on  behalf  of  the  corporation,  when  duly  authorized. 

Article  IV. 

EXECUTIVE   ADMINISTRATION. 

The  President. 

1.  There  shall  be  a  President  who  shall  be  elected  by  ballot  by,  and  hold 
office  during  the  pleasure  of,  the  Board,  who  shall  be  the  chief  executive 
officer  of  the  Institution.  The  President,  subject  to  the  control  of  the  Board 
and  the  Executive  Committee,  shall  have  general  charge  of  all  matters  of 
administration  and  supervision  of  all  arrangements  for  research  and  other 
work  undertaken  by  the  Institution  or  with  its  funds.  He  shall  devote  his 
entire  time  to  the  affairs  of  the  Institution.  He  shall  prepare  and  submit  to 
the  Board  of  Trustees  and  to  the  Executive  Committee  plans  and  sug- 
gestions for  the  work  of  the  Institution,  shall  conduct  its  general  corre- 
spondence and  the  correspondence  with  applicants  for  grants  and  with  the 
special  advisers  of  the  Committee,  and  shall  present  his  recommendations 
in  each  case  to  the  Executive  Committee  for  decision.  All  proposals  and 
requests  for  grants  shall  be  referred  to  the  President  for  consideration  and 
report.  He  shall  have  power  to  remove  and  appoint  subordinate  employees 
and  shall  be  ex  officio  a  member  of  the  Executive  Committee. 

2.  He  shall  be  the  legal  custodian  of  the  seal  and  of  all  property  of  the 
Institution  whose  custody  is  not  otherwise  provided  for.  He  shall  affix  the 
seal  of  the  corporation  whenever  authorized  to  do  so  by  the  Board  of  Trus- 
tees or  by  the  Executive  Committee  or  by  the  Finance  Committee.  He 
shall  be  responsible  for  the  expenditure  and  disbursement  of  all  funds  of  the 
Institution  in  accordance  with  the  directions  of  the  Board  and  of  the 
Executive  Committee,  and  shall  keep  accurate  accounts  of  all  receipts  and 
disbursements.  He  shall  submit  to  the  Board  of  Trustees  at  least  one 
month  before  its  annual  meeting  in  December  a  written  report  of  the  opera- 
tions and  business  of  the  Institution  for  the  preceding  fiscal  year  with  his 
recommendations  for  work  and  appropriations  for  the  succeeding  fiscal  year, 
which  shall  be  forthwith  transmitted  to  each  member  of  the  Board. 

3.  He  shall  attend  all  meetings  of  the  Board  of  Trustees. 

Article  V. 

COMMITTEES. 

1.  There  shall  be  the  following  standing  Committees,  viz.,  an  Executive 
Committee,  a  Finance  Committee,  and  an  Auditing  Committee. 
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2.  The  Executive  Committee  shall  consist  of  the  Chairman  and  Secretary 
of  the  Board  of  Trustees  and  the  President  of  the  Institution  ex  officio  and, 
in  addition,  five  trustees  to  be  elected  by  the  Board  by  ballot  for  a  term  of 
three  years,  who  shall  be  eligible  for  re-election.  Any  member  elected  to  fill 
a  vacancy  shall  serve  for  the  remainder  of  his  predecessor's  term :  Provided, 
however,  that  of  the  Executive  Committee  first  elected  after  the  adoption  of 
these  by-laws  two  shall  serve  for  one  year,  two  shall  serve  for  two  years,  and 
one  shall  serve  for  three  years;  and  such  Committee  shall  determine  their 
respective  terms  by  lot. 

3.  The  Executive  Committee  shall,  when  the  Board  is  not  in  session  and 
has  not  given  specific  directions,  have  general  control  of  the  administration 
of  the  affairs  of  the  corporation  and  general  supervision  of  all  arrangements 
for  administration,  research,  and  other  matters  undertaken  or  promoted  by 
the  Institution;  shall  appoint  advisory  committees  for  specific  duties;  shall 
determine  all  payments  and  salaries;  and  keep  a  written  record  of  all  trans- 
actions and  expenditures  and  submit  the  same  to  the  Board  of  Trustees  at 
each  meeting,  and  it  shall  also  submit  to  the  Board  of  Trustees  a  printed  or 
typewritten  report  of  each  of  its  meetings,  and  at  the  annual  meeting  shall 
submit  to  the  Board  a  report  for  publication. 

4.  The  Executive  Committee  shall  have  general  charge  and  control  of  all 
appropriations  made  by  the  Board. 

5.  The  Finance  Committee  shall  consist  of  three  members  to  be  elected  by 
the  Board  of  Trustees  by  ballot  for  a  term  of  three  years. 

6.  The  Finance  Committee  shall  have  custody  of  the  securities  of  the  cor- 
poration and  general  charge  of  its  investments  and  invested  funds,  and  shall 
care  for  and  dispose  of  the  same  subject  to  the  directions  of  the  Board  of 
Trustees.  It  shall  consider  and  recommend  to  the  Board  from  time  to  time 
such  measures  as  in  its  opinion  will  promote  the  financial  interests  of  the 
Institution,  and  shall  make  a  report  at  each  meeting  of  the  Board. 

7.  The  Auditing  Committee  shall  consist  of  three  members  to  be  elected 
by  the  Board  of  Trustees  by  ballot  for  a  term  of  three  years. 

8.  The  Auditing  Committee  shall,  before  each  annual  meeting  of  the 
Board  of  Trustees,  examine  the  accounts  of  business  transacted  under  the 
Finance  Committee  and  the  Executive  Committee.  They  may  avail  them- 
selves at  will  of  the  services  and  examination  of  the  Auditor  appointed  by 
the  Board  of  Trustees.  They  shall  report  to  the  Board  upon  the  collection 
of  moneys  to  which  the  Institution  is  entitled,  upon  the  investment  and 
reinvestment  of  principal,  upon  the  conformity  of  expenditures  to  appro- 
priations, and  upon  the  system  of  bookkeeping,  the  sufficiency  of  the 
accounts,  and  the  safety  and  economy  of  the  business  methods  and  safe- 
guards employed. 

9.  All  vacancies  occurring  in  the  Executive  Committee  and  the  Finance 
Committee  shall  be  filled  by  the  Trustees  at  the  next  regular  meeting.  In 
case  of  vacancy  in  the  Finance  Committee  or  the  Auditing  Committee,  upon 
request  of  the  remaining  members  of  such  committee,  the  Executive  Com- 
mittee may  fill  such  vacancy  by  appointment  until  the  next  meeting  of  the 
Board  of  Trustees. 

10.  The  terms  of  all  officers  and  of  all  members  of  committees  shall  con- 
tinue until  their  successors  are  elected  or  appointed. 
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Article  VI. 

FINANCIAL  ADMINISTRATION. 

1.  No  expenditure  shall  be  authorized  or  made  except  in  pursuance  of  a 
previous  appropriation  by  the  Board  of  Trustees. 

2.  The  fiscal  year  of  the  Institution  shall  commence  on  the  first  day  of 
November  in  each  year. 

3.  The  Executive  Committee,  at  least  one  month  prior  to  the  annual 
meeting  in  each  year,  shall  cause  the  accounts  of  the  Institution  to  be  audited 
by  a  skilled  accountant,  to  be  appointed  by  the  Board  of  Trustees,  and  shall 
submit  to  the  annual  meeting  of  the  Board  a  full  statement  of  the  finances 
and  work  of  the  Institution  and  a  detailed  estimate  of  the  expenditures  for 
the  succeeding  year. 

4.  The  Board  of  Trustees,  at  the  annual  meeting  in  each  year,  shall  make 
general  appropriations  for  the  ensuing  fiscal  year;  but  nothing  contained 
herein  shall  prevent  the  Board  of  Trustees  from  making  special  appropria- 
tions at  any  meeting. 

5.  The  securities  of  the  Institution  and  evidences  of  property,  and  funds 
invested  and  to  be  invested,  shall  be  deposited  in  such  safe  depository  or  in 
the  custody  of  such  trust  company  and  under  such  safeguards  as  the  Trus- 
tees and  Finance  Committee  shall  designate;  and  the  income  available  for 
expenditure  of  the  Institution  shall  be  deposited  in  such  banks  or  deposi- 
tories as  may  from  time  to  time  be  designated  by  the  Executive  Committee. 

6.  Any  trust  company  entrusted  with  the  custody  of  securities  by  the 
Finance  Committee  may,  by  resolution  of  the  Board  of  Trustees,  be  made 
Fiscal  Agent  of  the  Institution,  upon  an  agreed  compensation,  for  the  trans- 
action of  the  business  coming  within  the  authority  of  the  Finance  Committee. 

Article  VII. 

AMENDMENT   OP   BY-LAWS. 

1.  These  by-laws  may  be  amended  at  any  annual  or  special  meeting  of  the 
Board  of  Trustees  by  a  two-thirds  vote  of  the  members  present,  provided 
written  notice  of  the  proposed  amendment  shall  have  been  served  personally 
upon,  or  mailed  to  the  usual  address  of,  each  member  of  the  Board  twenty 
days  prior  to  the  meeting. 


MINUTES 

OF  THE 

TWENTY-SIXTH  MEETING  OF  THE  BOABD  OF 

TKUSTEES 
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ABSTRACT  OF  MINUTES  OF  THE  TWENTY-SIXTH  MEETING  OF 

BOARD  OF  TRUSTEES. 


The  meeting  was  held  in  Washington  in  the  Board  Room  of 
the  Administration  Building,  on  Friday,  December  11,  1925, 
and  in  the  absence  of  the  Chairman  was  called  to  order  at  10 
a.  m.  by  the  Vice-Chairman,  Mr.  Walcott. 

Upon  roll-call  the  following  Trustees  responded:  Robert  S. 
Brookings,  W.  Cameron  Forbes,  Cass  Gilbert,  Frederick  H. 
Gillett,  Herbert  Hoover,  Andrew  J.  Montague,  William  W. 
Morrow,  James  Parmelee,  Wm.  Barclay  Parsons,  Stewart 
Paton,  Henry  S.  Pritchett,  Martin  A.  Ryerson,  Theobald 
Smith,  William  Benson  Storey,  Charles  D.  Walcott,  William 
H.  Welch,  Henry  White,  George  W.  Wickersham.  The  Presi- 
dent of  the  Institution,  John  C.  Merriam,  was  also  present. 

The  minutes  of  the  twenty-fifth  meeting  were  approved  as 
printed  and  submitted  to  the  members  of  the  Board. 

Reports  of  the  President,  the  Executive  Committee,  the 
Auditor,  the  Finance  Committee,  the  Auditing  Committee,  and 
of  Directors  of  Departments  and  Research  Associates  of  the 
Institution  were  presented  and  considered. 

The  following  appropriations  for  the  year  1926  were  author- 
ized: 

Insurance  Fund $5 ,300 

Pension  Fund 40,000 

Administration 66 ,  100 

Publication  (including  Division  of  Publications) 92,510 

Departments  and  Divisions  of  Research 1 ,  048 ,  350 

Minor  Grants 167,500 

Index  Medicus 9,500 

General  Contingent  Fund 48 ,  500 

1,475,760 

Upon  ballot  George  J.  Baldwin,  of  Savannah,  Georgia,  and 
Whitefoord  R.  Cole,  of  Nashville,  Tennessee,  were  elected  to  fill 
the  vacancies  caused  by  the  resignations  of  Charles  P.  Fenner 
and  Henry  P.  Walcott.  Myron  T.  Herrick  was  unanimously 
re-elected  as  a  member  of  the  Board. 

The  meeting  adjourned  at  1  p.  m. 
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REPORT  OF  THE  PRESIDENT 


OF  THE 
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FOE  THE  YEAR  ENDING  OCTOBER  31,  1925 


REPORT  OF  THE  PRESIDENT 

OF  THE 

CARNEGIE  INSTITUTION  OF  WASHINGTON. 


In  conformity  with  Article  IV,  section  2,  of  the  By-Laws  of  the 
Carnegie  Institution  of  Washington,  the  President  has  the  honor  to 
submit  the  following  report  on  the  work  of  the  Institution  for  the 
fiscal  year  ending  October  31,  1925,  together  with  provisional  recom- 
mendation of  appropriations  for  the  year  beginning  January  1,  1926. 

During  this  year  the  Board  of  Trustees  has  sustained  loss  of  mem- 
bership due  to  the  death  of  Senator  Henry  Cabot  Lodge  and  the 
resignation  of  Mr.  Charles  Payne  Fenner  and  of  Dr.  Henry  P.  Walcott. 

Senator  Lodge  died  on  November  9,  1924,  after  a  protracted  illness. 
His  association  with  the  Board  of  Trustees  extended  over  the  last  ten 
years  of  his  life,  and  his  absence  from  the  councils  of  the  Board  will  be 
felt  keenly.  He  was  particularly  interested  in  studies  undertaken  by 
the  Institution  in  history  and  economics.  His  advo- 
Cabot  cacy  of  investigations  in  these  subjects  always  brought 

ge*  to  mind  his  own  noteworthy  activity  in  the  field  of 

letters.  He  had  wide  touch  with  scholarly  work,  and  his  career  was 
marked  by  astounding  industry  in  pursuit  of  studies  in  history  and 
political  relations  of  the  United  States.  Publication  of  historical  essays 
was  initiated  shortly  after  completion  of  his  academic  education  at  Har- 
vard. After  entering  public  life  many  of  his  works  were  produced  dur- 
ing the  period  of  legislative  duties  of  most  exacting  character.  The 
record  of  Senator  Lodge's  activity  in  the  Massachusetts  Legislature, 
the  United  States  House  of  Representatives,  and  the  Senate,  extends 
over  nearly  forty  years  and  comprises  a  remarkable  volume  of  con- 
structive work. 

Dr.  Henry  Pickering  Walcott  was  elected  to  membership  in  the 
Board  of  Trustees  in  December  1910,  and  served  continuously  until 
1924,  when  failing  health  made  it  impossible  for  him  to  attend  meetings 
of  the  Board.  By  reason  of  Dr.  Walcott's  activities  in  the  field  of 
education  and  public  health  in  Massachusetts,  his  counsel  and  co- 
operation have  been  of  much  importance  in  consideration  of  problems 
in  physiology  and  nutrition,  and  especially  in  establishment  of  the 
Nutrition  Laboratory  of  the  Institution,  located  in  Boston. 
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Mr.  Charles  Payne  Fenner  was  elected  to  the  Board  of  Trustees  in 
1914  as  a  representative  of  the  interests  of  the  South  concerned  with 
education  and  research.  Ill  health  and  pressure  of  other  duties  pre- 
vented Mr.  Fenner  taking  an  active  part  in  the  affairs  of  the  Insti- 
tution, but  his  sympathetic  interest  in  the  plans  for  research  has  always 
been  a  helpful  influence. 

In  this  past  year  the  Institution  has  lost  an  able  collaborator  in 
Dr.  John  F.  Hayford,  Director  of  the  College  of  Engineering  of 
Northwestern  University.  Dr.  Hayford  had  been 
Hayford.  engaged  since  1912  and  until  his  death  on  March  10, 
1925,  in  important  studies  under  the  auspices  of  the 
Carnegie  Institution,  relating  to  the  laws  of  evaporation  and  of 
stream  flow  as  exemplified  particularly  by  levels  in  the  Great  Lakes. 
A  preliminary  report  on  this  subject  has  already  been  issued  by  the 
Institution,  and  at  the  time  of  his  death  Dr.  Hayford  had  reached 
completion  of  the  first  stage  in  his  studies.  A  final  report  was  to 
have  been  submitted  in  the  near  future,  presenting  data  and  con- 
clusions of  much  value  relative  to  a  new  method  of  estimating  stream 
flow.  It  is  hoped  that  arrangement  may  be  possible  for  completing 
and  bringing  to  publication  the  results  of  this  work.  Dr.  Hayford 
was  internationally  known  as  a  physicist  and  engineer  of  exceptional 
ability.  His  work  on  isostasy  and  on  measurement  of  earth  dimen- 
sions, as  well  as  his  studies  conducted  recently  under  auspices  of  the 
Institution,  firmly  established  his  name  among  leading  investigators 
in  application  of  physics  and  mathematics  to  geophysical  problems. 
The  results  of  his  investigations  are  of  large  value  in  engineering  studies 
and  operations. 

William  Barnum,  editor  of  publications  of  the  Institution,  submitted 

his  resignation  early  in  the  year  to  take  effect  on  June  30,  1925.     Mr. 

Barnum  was  appointed  Chief  Clerk  and  Editor  in 

Retirement  of      November    1903,    and    after    establishment    of    the 

Mr.  Barnum.  ' 

Division  of  Publications  in  July  1909,  devoted  his 
entire  time  to  activities  ]of  this  Division.  His  loyalty  to  the  interests 
of  the  Institution,  his  scholarly  insight,  and  his  experience  and 
thorough  knowledge  in  the  art  of  publication  have  been  among  the 
important  contributing  factors  in  placing  a  large  part  of  the  results 
of  research  activities  of  the  Institution  in  a  splendid  monographic 
record.  This  achievement  has  involved  consideration  of  manu- 
scripts in  nearly  every  field  of  research,  and  has  included  study 
and  use  of  nearly  every  known  method  of  reproduction  of  text  and 
illustration.     Over  five-hundred  volumes  of  this  monographic  series 
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have  passed  through  his  hands.  Mr.  Barnum  has  made  for  himself  a 
place  of  honor  in  the  history  of  the  Institution  and  has  contributed 
much  to  advancement  of  knowledge  through  helping  to  make  it  readily 
available  in  published  work. 

Early  in  1925  the  Carnegie  Corporation  of  New  York  gave  considera- 
tion to  questions  touching  opportunities  for  research  in  the  Institution, 
and  also  to  the  effect  of  recent  changes  in  purchasing 
Corporation  power  of  our  income  upon  the  program  of  research 
Glft*  initiated  anterior  to  post-war  disturbance  of  financial 

conditions.  In  order  to  meet  the  greater  needs  which  have  arisen  in 
the  Institution,  the  Carnegie  Corporation  appropriated  for  payment 
to  the  Institution  the  sum  of  $5,712,500,  of  which  $5,000,000  is  to  be 
added  to  endowment  in  yearly  payments  of  $1,000,000,  beginning 
with  1926-27  and  continuing  until  the  total  sum  is  paid.  The  remain- 
ing $712,500  will  be  made  available  in  such  manner  as  to  give  full  use 
of  a  sum  corresponding  to  interest  upon  the  contribution  to  endow- 
ment, beginning  with  the  year  1926-27. 

The  addition  to  income  available  for  research  through  the  gen- 
erous contribution  of  Carnegie  Corporation  marks  an  extremely 
important  stage  in  the  history  of  this  Institution.  Coming  at  a 
critical  time  in  development  of  many  of  our  activities,  this  provi- 
sion makes  possible  continuation  of  effective  work  in  a  range  of  re- 
searches comparable  to  that  compassed  in  pre-war  time.  It  also 
opens  the  way  to  consideration  of  special  problems  of  exceptional 
importance  within  fields  already  entered,  and  for  which  organization 
and  staff  have  offered  exceptional  opportunity  provided  other  costs  of 
operation  could  be  covered.  It  is  greatly  to  the  credit  of  those  respon- 
sible for  actual  conduct  of  investigations  in  the  Institution,  that  during 
recent  years  both  quantity  and  quality  of  research  product  have  been 
held  at  a  standard  attained  in  pre-war  time,  when  available  funds  had 
a  purchasing  power  much  greater  than  today. 

The  financial  program  of  the  Institution  for  the  next  few  years  may 
be  modified  to  some  extent  by  reason  of  opportunities  offered  through 
the  Carnegie  Corporation  gift.  The  present  needs  for  funds  are, 
however,  not  new  but  have  been  strongly  emphasized  for  some  years 
past,  and  problems  of  the  immediate  future  concern  the  particular 
means  by  which  these  urgent  requirements  for  research  support  can 
be  financed  most  wisely.  Due  to  the  fact  that  payments  are  not 
made  in  the  present  year,  there  is  time  in  which  to  consider  with  great 
care  the  clear  definition  of  such  plans  as  may  represent  the  best  pos- 
sible course  for  advance  of  our  research  program. 
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Payments  to  the  Institution  on  account  of  the  gift  of  Carnegie 
Corporation  begin  in  the  Corporation  year  1926-27,  which  overlaps 

the  budget  year  1926  of  the  Institution  by  a  margin  of 
Icale7  omy   three   months.     In    1926   utilization   of   funds 

from  the  Corporation  gift  can  therefore  cover  only 
a  small  portion  of  the  first  year's  interest.  Of  the  problems  which 
should  have  early  consideration,  salary  scale  is  of  first  importance. 
In  the  budget  recommendations  presented  to  the  Trustees  for  the 
coming  year,  careful  study  has  been  given  to  salary  questions,  with 
a  view  to  bringing  the  scale  of  the  Institution  as  rapidly  as  possible 
to  that  which  might  be  considered  normal  for  investigators  engaged 
in  research  work  of  the  most  effective  type  in  leading  institutions 
of  this  country. 

Moderate  increase  of  available  funds  for  1926  coming  coincidently 
with  necessary  reorganization  of  plans  in  the  Department  of  Embry- 
ology has  made  possible  realization  of  certain  proposals  relative  to 
development  of  this  work  long  under  consideration. 

The  program  of  the  Department  of  Embryology  has  been  modified 
considerably  in  the  past  year  due  to  increasing  emphasis  placed  on 
researches  concerning  physiology  or  function  of  the 
Research  embryo  as  contrasted  with  structure.  Dr.  A.  H. 
Plans  in  Schultz,  a  member  of  the  staff  concerned  with  in- 

vestigation of  racial  variation  in  embryos,  has  been 
honored  by  a  call  to  Johns  Hopkins  University,  as  associate  professor 
of  physical  anthropology  in  the  medical  school.  Readjustments  made 
necessary  by  absence  of  Dr.  Schultz  resulted  in  bringing  to  the  staff  Dr. 
Carl  G.  Hartman,  formerly  professor  of  zoology  at  the  University  of 
Texas,  who  has  made  important  contributions  to  knowledge  of  the 
embryo,  especially  through  his  study  of  the  exceptionally  interesting 
history  of  development  in  the  opossum. 

Dr.  Hartman  is  to  study  growth  of  the  embryo  in  some  of  the 
highest  animals,  in  which  the  individual  history  is  certain  to  assist  in 
obtaining  an  understanding  of  growth  in  the  human  embryo.  It  is 
planned  to  use  animals  approximating  as  closely  as  possible  to  con- 
ditions of  physical  development  in  man.  For  this  purpose  a  colony  of 
macaques,  or  small  monkeys  abounding  in  India,  will  furnish  excep- 
tional opportunity  for  observations.  The  macaque  is  peculiarly 
useful,  as  it  lives  and  breeds  under  domestication  without  disturbance 
of  its  physical  or  nervous  condition. 

The  macaque  colony  will  begin  with  a  small  group  and  be  increased 
later  to  such  number  as  may  be  required  for  these  studies.     The  value 
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of  this  colony  will  not  be  limited  to  possibilities  of  research  on  growth 
changes  in  structure  and  physiology  of  the  individual  embryo;  these 
animals  will  furnish  also  a  means  for  investigation  of  fundamental 
nervous  reactions  from  early  stages  of  the  embryo  into  first  steps  of 
growth  in  new-born  young.  Observation  of  such  a  group  of  animals, 
living  normally  and  under  control  of  an  investigator,  should  make 
possible  important  advances  in  knowledge  of  many  aspects  of  nervous 
reaction,  or  behavior,  which  present  today  some  of  the  most  significant 
problems  of  biology  and  lie  at  the  foundation  of  all  research  on  physi- 
ological factors  involved  in  human  behavior. 

In  carrying  out  the  program  of  the  Department  of  Embryology  there 
will  be  close  cooperation  between  the  Carnegie  Institution  and  those 
departments  of  Johns  Hopkins  University  specially  concerned  with 
researches  in  anatomy,  embryology,  physiology,  and  psychology  or 
behavior. 

Recent  consideration  of  problems  touching  reinvestment  of  securities 

in  which  the  funds  of  the  Institution  have  been  held  has  led  to 

rearrangement  of  investments  through  which  bonds 

pJobSSs*        of  the  United  States  Steel  Corporation  to  the  extent 

of  $5,500,000  have  been  exchanged  for  other  fully 

guaranteed  bonds.     This  readjustment  results  in  a  net  increase  of 

annual  income  to  the  extent  of  $47,420. 

At  a  meeting  of  the  Trustees  in  December  1911,  action  was  taken 
looking  toward  accumulation  of  a  fund  which  might  be  held  for 

protection  of  the  Institution  against  destruction  of 
^f"-3?06         property  due  to  fire,  tornado,  marine  disaster,  or  by 

other  extraordinary  occurrences.  Few  payments  from 
this  fund  have  been  necessary,  and  the  amount  now  available  seems 
sufficient  to  permit  extension  of  the  original  purposes  to  include  liabili- 
ties in  connection  with  possible  destruction  or  loss  to  book  paper  stock 
and  books  in  process  of  publication,  and  to  provide  desirable  protection 
against  possible  damage  or  loss  by  natural  causes.  An  example  of  such 
protection  is  given  in  the  cutting  of  fire  lanes  and  in  other  special 
precautions  taken  to  prevent  loss  from  the  great  forest  fires  which 
menaced  Mount  Wilson  Observatory  in  1924. 

Need  for  safeguarding  the  interests  of  the  Institution  and  of  its 
employes,  and  the  rapid  development  of  laws  covering  liability  insur- 
ance in  several  of  the  States  in  which  the  Institution  conducts  extensive 
operations,  made  it  desirable  to  give  special  consideration  to  liability 
insurance  in  the  course  of  the  past  year.  It  is  probable  that  the 
purpose  of  the  Insurance  Fund  of  the  Institution  covers  existing 
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requirements  of  liability  insurance,  but  a  study  of  the  subject  is  being 
undertaken  with  a  view  to  formulation  of  a  plan  sufficiently  compre- 
hensive to  guarantee  adequate  protection  in  all  phases  of  interpre- 
tation of  this  question. 

It  seems  also  appropriate  to  mention  at  this  time  the  plans  of  the 
Institution  for  provision  of  annuity  and  life  insurance  for  regular  mem- 
bers of  its  staff  through  cooperation  with  the  Teachers  Insurance  and 
Annuity  Association  of  America.  In  order  to  provide  adequate  retiring 
allowances  for  members  who  were  already  advanced  in 
Fund.n  a§e  when  the  Annuity  Plan  of  the  Institution  was 

put  into  effect  in  1919,  a  special  Pension  Fund  was 
created  from  which  supplementary  annuities  might  be  drawn  under 
specific  regulations.  Payments  from  this  fund  are  also  made  to  cover 
contributions  by  the  Institution  toward  premiums  upon  annuity  poli- 
cies taken  out  by  members  of  the  Institution  with  the  Teachers  Insur- 
ance and  Annuity  Association. 

The  average  annual  expenditure  from  the  Pension  Fund  in  recent 
years  has  been  $32,000.  Since  the  Fund  was  established  in  1919  an 
annual  appropriation  of  $40,000  has  been  placed  to  its  credit  and  at 
present  there  is  a  reserve  accumulation  of  $190,000.  Of  this  amount 
we  shall  soon  have  $180,000  invested,  yielding  an  annual  income  of 
approximately  $9,000  credited  to  the  principal  of  the  Fund.  At  pres- 
ent, therefore,  we  are  expending  $32,000  on  the  basis  of  a  total  annual 
allotment  of  approximately  $49,000.  At  the  present  rate  of  antici- 
pated increase  in  costs  it  will  be  several  years  before  total  annual 
expenditure  will  equal  present  annual  allotment.  Even  if  this  occurs 
before  the  peak  of  the  load  on  the  Pension  Fund  is  reached  there  would 
be  an  available  reserve  accumulation  of  $200,000  or  more  for  further  use. 

It  is  apparent  that,  over  a  period  of  some  years  to  come,  retirement 
among  the  older  members  of  the  Institution's  staff  will  tend  to  increase 
the  load  upon  the  Pension  Fund.  Increase  of  salary  for  members 
who  have  annuity  policies  and  increase  in  the  number  of  regular 
members  of  the  Institution  may  require  larger  payments  from  the 
Fund.  It  is  difficult  to  predict  future  requirements  with  exact- 
ness, but  with  accumulations  already  available  it  is  improbable 
that  larger  appropriations  for  this  fund  will  be  required.  Within 
the  next  ten  or  fifteen  years  the  maximum  load  will  presumably  be 
reached,  and  thereafter  it  may  be  practicable  to  reduce  the  annual 
amount  required  to  support  this  plan. 
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In  the  course  of  the  past  four  years  the  Institution  has  had  under 
consideration  questions  touching  the  desirability  of  protecting,  for 
use  of  investigators  and  of  the  public,  such  patentable 
devices  and  equipment  as  may  originate  through 
researches  undertaken  by  the  staff  of  the  Institution.  In  May  1923, 
the  Institution  defined  its  position  by  resolution  as  follows :  " .  .  it  is 
the  intention  of  the  Carnegie  Institution  of  Washington  that  any  new 
and  useful  inventions  or  discoveries  which  may  result  from  researches 
financed  by  the  Institution  shall  be  dedicated  to  public  use  and  that  for 
this  purpose  all  patents  thereupon  should  be  taken  out  by,  or  for,  or 
assigned  to,  the  Institution." 

The  problem  of  patents  was  brought  forward  for  initial  discussion  by 
reason  of  need  for  considering  protection  to  a  simplified  form  of  respira- 
tion apparatus  invented  by  Dr.  Benedict,  Director  of  the  Nutrition 
Laboratory,  and  Mrs.  Benedict,  constructed  for  the  purpose  of 
measuring  oxygen  consumption  in  research  on  human  metabolism. 
Further  study  led  to  the  granting  of  a  patent  to  Dr.  and  Mrs.  Benedict 
and  the  assignment  of  this  patent  to  the  Institution. 

Similar  situations  have  arisen  in  the  instance  of  several  pieces  of 
apparatus  developed  in  the  past  two  years  in  other  departments.  The 
seismometer  invented  by  Dr.  John  A.  Anderson,  of  Mount  Wilson 
Observatory,  for  recording  and  measuring  earth  tremors,  is  covered 
by  Letters  Patent.  Attention  is  now  being  given  to  arrangements  for 
issue  of  license  to  manufacture  and  sell  these  instruments  for  the 
purpose  of  rendering  them  available  for  public  use.  The  Institution 
by  definition  of  its  plan  may  not  profit  financially  from  such  patents 
or  from  the  licensing  of  manufacturers  to  produce  instruments  thus 
protected. 

The  following  public  lectures  have  been  given  in  the  Assembly 
Room  of  the  Administration  Building  during  the  past 

.Lectures. 

year: 

December  5,  1924.  Cycles  in  Development  of  Tree  Rings  as  an  evidence 
of  Climatic  Variation.    By  A.  E.  Douglass. 

January  5, 1925.  An  Experimental  Method  of  Studying  High  Tempera- 
tures.    By  John  A.  Anderson. 

January  6,  1925.     The  Forces  which  Lift  Airplanes.     By  V.  Bjerknes. 

January  8,  1925.  Problems  in  Dynamical  Meteorology.  By  V. 
Bjerknes. 

March  11,  1925.  Recent  Studies  of  the  Blood  and  their  Relation  to 
Tuberculosis.     By  Warren  H.  Lewis. 
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In  the  course  of  the  past  year  the  Institution  has  been  the  recipient 

through  Mount  Wilson  Observatory  of  a  most  important  addition  to 

equipment  in  the  form  of  a  Solar  Laboratory  to  be 

to  work  ofg       used  especially  for  the  fundamental  researches  of  Dr. 

Mt.  Wilson        George    E.    Hale.     The    grounds   upon   which    the 

Observatory.  . 

laboratory  is  situated,  together  with  the  building  and 
the  major  part  of  the  equipment,  represent  a  gift  to  the  Institution 
from  Dr.  Hale.  The  staff  of  Mount  Wilson  Observatory  has  co- 
operated in  erecting  the  structure  and  in  building  apparatus  required 
for  investigations  to  be  conducted  in  this  building.  The  Institution 
has  made  modest  contribution  also  toward  special  equipment  for  the 
building.  With  utilization  of  this  laboratory  Dr.  Hale  will  carry  for- 
ward researches  on  some  of  the  major  problems  which  have  arisen 
in  the  course  of  his  extraordinarily  productive  studies  of  past  years. 
In  accordance  with  bequest  of  the  late  President  Woodward,  six- 
hundred  volumes  of  professional  books,  dealing  with  technical  aspects 
of  astronomy,  engineering,  geodesy,  mathematics,  mathematical 
physics,  mechanics,  meteorology,  and  physics,  have  been  received  by 
the  Institution  for  deposit  in  the  library  of  Mount  Wilson  Observa- 
tory. This  bequest  forms  a  most  valuable  addition  to  the  Observatory 
library. 

The  list  of  publications  issued  by  the  Institution  in  the  year 
ending  October  31  and  the  bibliographies  of  individual  investigators 

make  a  notable  record  of  completed  research.     The 
Research!11       Year  Book  for  1925,  which  will  be  in  the  hands  of 

the  Trustees  at  the  time  of  the  annual  meeting, 
contains  a  series  of  extremely  interesting  reports  of  departments  and 
other  groups  of  research  workers.  Summaries  of  results  accompanying 
these  reports,  such  as  are  exemplified  in  the  reviews  of  work  by  Mount 
Wilson  Observatory,  Terrestrial  Magnetism,  Geophysical  Laboratory, 
and  Genetics,  make  possible  a  rapid  examination  of  accomplishments 
in  the  past  year.  Any  statement  regarding  these  activities  included  in 
the  brief  compass  of  the  President's  report  must  be  recognized  merely 
as  indicating  types  of  research  represented  in  a  wide  range  of  special 
studies.  As  examples  of  results  in  the  past  year,  the  following  may 
be  mentioned: 

At  Mount  Wilson  Observatory  Dr.  Hale  has  continued  his  investi- 
gations on  polarity  of  sunspots  and  finds  that  the  observed  polarity  is 
independent  of  direction  of  rotation.  He  concludes  that  evidence 
points  to  an  explanation  of  the  hydrogen  vortices  around  sunspots 
based  upon  hydrodynamic  rather  than  electromagnetic  phenomena. 
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The  Mount  Wilson  total  eclipse  expedition  of  January  1925  secured 
important  data  in  study  of  the  solar  corona,  and  Dr.  J.  A.  Anderson 
has  been  assigned  to  study  of  the  next  eclipse,  which  occurs  in  Java  in 
January  1926.  Extremely  interesting  studies  of  planetary  radiation 
have  been  carried  out  by  Pettit  and  Nicholson,  giving  values  of  the 
temperatures  of  Venus,  Mars,  and  Mercury.  These  studies,  together 
with  others  on  the  same  subject,  advance  materially  our  knowledge 
of  physical  conditions  obtaining  on  the  planets.  Study  of  the 
distances  and  dimensions  of  spiral  nebulae  has  made  important  pro- 
gress. One  of  the  most  interesting  investigations  at  Mount  Wilson 
is  that  carried  out  by  Dr.  Adams  on  the  dwarf  companion  of  Sirius. 
These  results  indicate  a  density  for  this  star  about  50,000  times  that 
of  water. 

In  connection  with  researches  of  the  Geophysical  Laboratory,  two 
notable  studies  have  been  brought  to  completion  by  the  publication 
this  year  of  the  paper  of  Arthur  L.  Day  and  E.  T.  Allen  on  "The 
Volcanic  Activity  and  Hot  Springs  of  Lassen  Peak."  This  important 
monographic  work  gives  full  discussion  of  an  extremely  interesting 
type  of  volcanic  activity,  and  taken  with  the  publication  on  the 
"Vesuvius  Eruption  of  1906:  Study  of  a  Volcanic  Cycle,"  by  Frank 
A.  Perret,  it  brings  to  consideration  of  students  of  volcanology  an 
outstanding  body  of  data  in  this  field  of  research. 

In  the  Department  of  Genetics  advances  have  been  made  in  study 
of  materials  of  heredity  in  lower  forms  of  animal  life  by  Dr.  Metz 
and  associates,  and  by  Dr.  Blakeslee  in  continuation  of  his  signifi- 
cant researches  upon  the  problem  of  heredity  as  expressed  in  the 
jimson  weed.  Dr.  Blakeslee's  work  has  been  extended  beyond 
previous  limits  by  opportunity  for  use  of  additional  material.  His 
investigations  on  the  influence  of  external  factors  in  modification  of 
hereditary  materials  in  the  plant  have  also  been  continued.  The 
Department  of  Genetics  has  cooperated  with  the  National  Research 
Council  Committee  for  Research  on  Sex  Problems,  and  extremely 
interesting  data  are  being  secured  by  use  of  the  Manoilov  test  through 
which  chemical  differentiation  of  the  sexes  seems  possible. 

At  the  Tortugas  Laboratory  near  Key  West,  Florida,  twelve  inves- 
tigators concerned  with  problems  of  marine  biology  conducted  investi- 
gations related  to  the  general  program  of  biological  researches  of  the 
Institution.  Among  others,  three  extremely  interesting  types  of 
work  have  been  under  way,  relating  to  problems  in  development  of  the 
individual,  specific  differentiation,  and  adaptation  to  natural  environ- 
ment. 
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In  the  Department  of  Embryology  the  well-defined  program  for 
research  on  development  of  various  groups  of  structures  of  the  embryo 
has  been  continued  with  most  satisfactory  results  as,  for  example,  in 
study  of  the  early  embryonic  heart  and  in  examination  of  functional 
activity  coincident  with  change  of  form  in  structure  of  the  embryo. 

So  throughout  the  departments  of  the  Institution  groups  of  studies 
have  been  advanced,  giving  a  continuing  stream  of  new  information, 
which  goes  through  various  carefully  chosen  channels  as  quickly  as 
possible  into  scientific,  educational,  and  practical  human  use. 

The  past  year  has  been  marked  by  unusual  activity  in  seismo- 
logical  research  on  the  part  of  many  institutions,  and  the  public  has 
shown  exceptional  interest,  due  to  occurrence  of  earthquakes  of 
destructive  type  in  our  own  country. 

Working  independently,  but  in  close  cooperation  with  the  Carnegie 

Institution,  many  agencies,  including  the  United  States  Coast  and 

Geodetic    Survey,    the    United    States    Geological 

Value  of  Survey,  University  of  California,  Stanford  University, 

SRSe?ewfh!al  and  California  Institute  of  Technology  have  moved 
to  organize  new  activities  in  seismological  research. 
Disastrous  consequences  of  the  Santa  Barbara  and  Montana  earth- 
quakes brought  public  attention  to  consideration  of  need  for  a  full 
understanding  of  all  phenomena  connected  with  earthquake  activity. 

The  earthquake  shocks  at  Santa  Barbara  in  June  1925  made  clear 
the  necessity  of  securing  all  data  regarding  movement  of  the  earth's 
crust  which  can  assist  in  safeguarding  man-made  structures,  and 
in  protecting  those  greater  engineering  works  representing  public  util- 
ities or  designed  to  meet  requirements  of  the  public. 

At  the  time  of  the  Santa  Barbara  earthquake,  Dr.  Day,  chair- 
man of  the  Advisory  Committee  in  Seismology  of  the  Carnegie 
Institution,  was  fortunately  in  California  engaged  in  a  study  of  the 
situation  relative  to  researches  in  seismology  conducted  by  the  Insti- 
tution in  that  region,  and  Dr.  Bailey  Willis,  member  of  the  Com- 
mittee, was  in  Santa  Barbara.  Dr.  Wood,  Research  Associate  in 
Seismology,  made  immediate  and  careful  survey  of  disturbed  areas 
around  Santa  Barbara.  Some  of  the  results  of  Dr.  Wood's  studies 
are  now  being  published. 

As  indicated  in  our  earlier  reports,  many  institutions  have  been 
planning  thorough  study  of  all  aspects  of  earthquake  phenomena 
expressed  on  the  West  Coast,  and  of  movements  of  the  earth's  crust 
to  which  these  disturbances  may  be  related.  This  program  of  re- 
search prepared  the  way  so  that  interest  aroused  by  recent  seismic  dis- 
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turbances  was  focussed  upon  the  means  best  calculated  to  advance 
knowledge  of  this  subject,  and  upon  methods  of  securing  full  use 
of  such  information  in  practical  engineering  operations.  There  can 
be  no  doubt  that  recent  marked  progress  in  seismological  investiga- 
tion is  only  the  beginning  of  a  great  advance  in  this  field.  It  will 
lead  both  to  outstanding  scientific  contributions,  and  to  means  of 
avoiding  such  dangers  as  may  have  menaced  life,  property,  and  the 
comfort  of  living  in  parts  of  the  earth  involved  in  present  processes 
of  crustal  movement. 

The  needs  of  research  and  of  educational  work  in  seismology  in 
California  have  been  met  by  contributions  and  arrangements  for 
cooperation  arising  from  a  wide  range  of  sources.  California  Insti- 
tute in  Pasadena  has  added  to  its  equipment  a  building  for  seismo- 
logical research  situated  on  a  site  especially  adapted  for  such  investi- 
gations. Plans  have  been  worked  out  with  great  care,  in  order  to  meet 
as  fully  as  possible  the  needs  of  fundamental  research  and  effective 
educational  work  in  this  field.  This  building  will  be  occupied  by 
Carnegie  Institution  in  carrying  forward  its  seismological  researches 
in  cooperation  with  California  Institute.  The  City  of  Riverside  has 
entered  into  an  agreement  with  Carnegie  Institution  through  which 
the  City  furnishes  site  and  building  for  a  seismological  station,  together 
with  fixed  charges  of  operation.  Carnegie  Institution  is  to  utilize 
this  station  for  conduct  of  seismological  studies,  involving  general 
investigation  of  earthquake  problems  in  Southern  California.  Other 
cooperative  arrangements  of  this  nature  are  well  advanced. 

Success  in  the  research  program  of  the  Institution  depends  ulti- 
mately upon  initiative  of  individuals  who  derive  their  greatest 
,      _  pleasure  from  constructive  studies.     Our  organization 

departmental  reaches  its  highest  level  of  effectiveness  when  full 
oopera  ion.  advantage  is  taken  of  initiative  arising  in  members 
of  the  staff  concerned  with  the  specific  investigations  planned.  Organ- 
ization of  departments  and  other  groups  offers  opportunity  for  com- 
bined attack  in  which  each  individual  profits  by  united  effort  of  the 
group.  In  addition  to  effectiveness  of  departmental  agencies,  it  is 
also  being  demonstrated  that  there  are  large  possibilities  of  progress 
in  united  endeavor  of  departments  and  other  divisions  of  the  Institu- 
tion initiated  for  the  purpose  of  solving  problems  of  mutual  interest. 

In  the  course  of  the  past  year  a  number  of  significant  investigations 
have  developed  within  the  Institution  through  cooperation  and 
mutual  support  of  departments  or  other  agencies  joining  in  attack 
on  problems  in  which  there  are  common  objectives,  but  for  which  no 
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single  group  is  equipped  to  handle  all  researches  necessary.  Illus- 
tration of  such  combined  effort  is  furnished  by  a  program  of  the 
Geophysical  Laboratory  and  the  Department  of  Terrestrial  Mag- 
netism, initiated  for  study  of  effect  of  high  pressures  upon  the  critical 
temperatures  of  magnetization  of  materials  contributing  largely  to  the 
mass  of  the  earth.  This  research  already  gives  promise  of  important 
results. 

This  type  of  research  is  illustrated  in  the  field  of  biology  by  an 
investigation  in  which  H.  M.  Hall,  engaged  in  taxonomic  and  eco- 
logical studies,  is  cooperating  with  E.  B.  Babcock,  a  student  of  genetics, 
for  investigation  of  variability  in  a  group  of  plants,  shifted  from  their 
normal  environment  to  other  conditions,  under  which  they  are  allowed 
to  grow  for  a  period  of  several  years.  Dr.  Hall,  as  a  student  of  tax- 
onomy acquainted  with  minute  variations  in  external  characters, 
follows  from  year  to  year  the  tendency  of  these  transplants  to  change 
their  form  and  superficial  characters.  Dr.  Babcock  makes  inquiry 
more  especially  as  to  fundamental  modifications  in  cell  structure  and 
nature  of  the  hereditary  materials.  By  this  combination  of  studies, 
understanding  is  reached  regarding  extent  to  which  variability, 
coincident  with  change  of  conditions,  indicates  fundamental  modi- 
fication of  type,  and  concerning  extent  to  which  it  is  merely  temporary 
response  to  influence  of  environment  or  nutrition  without  alteration  of 
fundamental  nature  of  the  plant. 

A  further  plan  for  cooperative  study  to  be  undertaken  in  the  im- 
mediate future  is  illustrated  in  appointment  of  a  committee,  repre- 
senting two  departments  of  the  Institution  with  investigators  from 
outside  agencies,  brought  together  for  the  purpose  of  research  on 
physical  features  of  the  surface  of  the  moon.  This  Committee  con- 
sists of  Dr.  Adams  and  Mr.  Pease,  of  Mount  Wilson  Observatory; 
Dr.  Day  and  Dr.  Wright,  of  the  Geophysical  Laboratory;  Dr.  John 
P.  Buwalda  and  Dr.  Paul  S.  Epstein,  of  California  Institute  of  Tech- 
nology; and  Dr.  W.  W.  Campbell,  Director  of  Lick  Observatory. 
The  astronomer  will  interpret  the  moon  by  means  developed  through 
long  years  of  careful  study  of  its  surface.  The  physicist  and  mathe- 
matician will  approach  the  problem  as  experts  on  physical  laws  as 
they  are  expected  to  operate.  The  geologist,  volcanologist,  geo- 
physicist,  and  physiographer  will  interpret  the  surface  of  the  moon  in 
the  light  of  knowledge  acquired  from  corresponding  studies  of  the 
earth.  Such  an  investigation,  initiated  with  large  accumulation  of 
information  available  from  previous  researches,  will  unquestionably 
make  important  contribution  to  physics,  to  astronomy,  and  ultimately 
to  knowledge  of  physical  features  of  the  earth. 
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FINANCIAL  STATEMENT. 

The  sources  of  funds  available  for  expenditure  during  the  fiscal  year 

(including  appropriations  made  by  the  Trustees  December  12,  1924, 

Financial  and  revertments  and  transfers  made  during  the  year), 

for  F^scanrear     the  amounts  allotted  by  the  Executive  Committee 

1924-1925.         during  the  year,  and  the  balances  unallotted  at  the  end 

of  the  year  are  shown  in  detail  in  table  A. 


A. — Financial  statement  for  fiscal  year 

ending  October  SI,  1925. 

Balances 

unallotted 

Oct.  31, 

1924. 

Trustees' 
appropria- 
tion Dec. 
14,  1924. 

Revert- 
ments and 
transfers 
Nov.  1,  1924, 
to  Oct.  31, 
1925. 

Total 

available 

1925. 

Executive 

Committee 

allotments 

1925. 

Transfers 
by  Execu- 
tive Com- 
mittee. 

Unallotted 

balances 

Oct.  31, 

1925. 

Large  Grants: 

Laboratory  for  Plant  Phys- 

$58,230 

45,560 

35,900 

120,290 

149,230 

41 ,600 

10,000 

36,136 

35,000 

43,750 

222,340 

166,737 

171,300 
92,500 
65,500 
5,500 
40,000 
45,000 

$600.00 

1,000.00 

2,290.00 

8,835.00 

8,255.80 

600.00 

2,250.00 

700.00 

14,750.00 

$58,830.00 

46,560.00 

38,190.00 

129,125.00 

157,485.80 

42,200.00 

12,250.00 

36,836.00 

49,750.00 

43,750.00 

234,640.00 

167,462.00 

187,196.52 

109,328.99 

66,400.00 

5,500.00 

40,000.00 

80,295.72 

$58,830.00 

46,560.00 

38,190.00 

129,125.00 

157,485.80 

42,200.00 

12,250.00 

36,836.00 

49,750.00 

43,750.00 

234,640.00 

167,462.00 

186,372.35 
96,282.87 
66,400.00 

5,500.00 
40,000.00 

2,266.80 

Embryology 

Geophysical  Laboratory .... 

Meridian  Astrometry 

Middle  Amer.  Archgeology .  . 

Nutrition  Laboratory 

Mt.  Wilson  Observatory .... 

12,300.00 
725.00 

13,743.35 

13,357.22 

900.00 

Terrestrial  Magnetism 

$2,153.17 
3,471.77 

$824.17 
4,546.12 

Publications 

$8,500.00 

Administration 

Pension  Fund 

General  Contingent  Fund .... 

6,227.23 

29,068.49 

72,449.15 

5,579.77 

11,852.17 

1,384,573 

109,374.86 

1,505,800.03 

1,413,900.82 

80,949.15 

10,950.06 
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The  aggregates  of  receipts  from  interest  on  endowment,  from  interest 

on  bond  investments  and  bank  deposits,  from  sales  of  publications, 

Receipts  and       from   refunds    on    grants,    and   from   miscellaneous 

^hee^stSuetionf     sources>  f°r  each  year  since  the  foundation  of  the 

to  Date.  Institution,  are  shown  by  table  B ;  the  grand  total  of 

these  to  date  is  $28,864,122.94. 

B. — Aggregate  of  financial  receipts. 


Year 

ending 

Oct. 

31. 


Interest  on 
endowment. 


Interest 
on  bonds 
and  bank 
deposits. 


Sales  of 
publications 


Refunds  on 
grants. 


Miscellaneous 
items, 


Total. 


1902 
1903 
1904 
1905 
1906 
1907 
1908 
1909 
1910 
1911 
1912 
1913 
1914 
1915 
1916 
1917 
1918 
1919 
1920 
1921 
1922 
1923 
1924 
1925 


$250,000.00 

500,000.00 

500,000.00 

500,000.00 

500,000.00 

500,000.00 

550,000.00 

600,000.00 

600,000.00 

975,000.00 

,100,000.00 

,103,355.00 

,105,084.17 

,100,375.00 

,100,375.00 

,100,408.75 

,110,427.45 

,112,441.25 

,112,441.25 

,112,441.25 

,112,504.52 

,114,541.13 

,115,187.58 

,181,585.00 


$9.70 

5,867.10 

33,004.26 

25,698.59 

27,304.47 

22,934.05 

17,761.55 

14,707.67 

10,422.78 

14,517.63 

31,118.41 

46,315.60 

59,298.63 

67,888.31 

83,626.38 

100,702.60 

120,464.02 

138,700.73 

159,559.03 

170,211.22 

175,021.09 

192,287.72 

193,368.98 

197,696.51 


$2,286.16 

2,436.07 

3,038.95 

4,349.68 

6,026.10 

7,877.51 

11,182.07 

10,470.25 

10,892.26 

11,496.13 

12,208.66 

11,402.40 

10,297.79 

12,544.16 

11,921.35 

9,921.00 

12,837.58 

18,393.79 

16,684.51 

14,081.84 

13,841.76 

11,994.21 

13,680.74 


$1,825.52 
101.57 


$999.03 

200.94 

2,395.25 

2,708.56 

25.68 

2,351.48 

1,319.29 

4,236.87 

1,658.88 

3,227.53 

7,819.70 

8,322.87 

1,450.12 

32,950.22 

39,833.23 

53,549.98 

4,088.63 

4,068.69 

9,395.66 

9,739.17 

18,663.38 

14,315.03 


48, 

103, 

54, 

96, 
345, 

577, 

28, 

153, 

179, 

255, 

214, 

176, 

210, 

34, 

1,720, 

409, 

825, 


150.00 
19.44 
15.22 
034.14 
564.92 
732.45 
923.16 
035.01 
769.95 
305.77 
162.79 
204.40 
611.97 
354.60 
498.99 
249.81 
518.96 
527.38 
808.90 
712.28 
156.17 


Total  21,056,167.35 


1,908,487.03 


239,864.97 


223,320.19 


*5, 436, 283. 40 


$251,835.22 

508,254.83 

536,439.36 

529,088.48 

534,068.84 

531,683.93 

623,698.88 

731,806.14 

676,944.73 

1,005,569.97 

1,240,308.42 

1,510,876.74 

1,760,910.67 

1,215,046.76 

1,351,200.06 

1,425,594.89 

1,536,000.30 

1,532,028.53 

1,470,732.51 

1,513,924.63 

1,345,530.49 

3,051,218.68 

1,748,926.43 

2,232,433.45 


28,864,122.94 


*  Of  this  amount  $4,285,876.94  came  from  the  sale  of  bonds;  $51,265.74  from  the  Colburn 
Estate;  and  $1,035,000  from  the  Carnegie  Corporation  of  New  York. 
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The  purposes  for  which  funds  have  been  appropriated  by  the  Board 
of  Trustees  of  the  Institution  may  be  classified  under  five  heads: 
(1)  Investments  in  bonds;  (2)  large  projects;  (3)  minor  grants  and 
payments  from  Pension,  Insurance,  and  General  Contingent  Funds; 
(4)  publications;  (5)  administration.  Table  C  shows  the  actual  expendi- 
tures under  these  heads  for  each  year  since  the  foundation  of  the  Insti- 
tution. 


C. — Aggregate  of  expenditures. 


Year 
end- 
ing 
Oct. 
31. 

Purchase 
of  bonds. 

Large 
projects. 

Minor  grants 

and  payments 

from  Pension, 

Insurance,  and 

General 

Contingent 

Funds. 

Publica- 
tions. 

Adminis- 
tration. 

Total. 

1902 
1903 
1904 
1905 
1906 
1907 
1908 
1909 
1910 
1911 
1912 
1913 
1914 
1915 
1916 
1917 
1918 
1919 
1920 
1921 
1922 
1923 
1924 
1925 

Total 

$4,500.00 

137,564.17 

217,383.73 

149,843.55 

93,176.26 

90,176.14 

61,282.11 

70,813.69 

83,464.63 

72,048.80 

103,241.73 

110,083.06 

107,507.55 

109,569.37 

99,401.26 

100,746.13 

170,470.74 

203,810.84 

159,633.49 

171,895.22 

192,325.46 

232,344.69 

230,291.90 

225,307.45 

$27,513.00 
43,627.66 
36,967.15 
37,208.92 
42,621.89 
46,005.25 
48,274.90 
45,292.21 
44,011.61 
45,455.80 
43,791.13 
43,552.89 
44,159.54 
48,224.04 
49,454.08 
48,766.29 
49,118.76 
55,742.83 
68,739.90 
58,730.11 
56,405.15 
63,493.46 
65,076.47 
61,925.89 

$32,013.00 

282,605.36 

511,949.88 

530,753.73 

623,216.80 

702,534.39 

676,163.01 

769,460.94 

662,373.79 

661,616.31 

1,147,037.63 

1,571.572.60 

1,876,096.39 

1,181,183.76 

1,334,572.83 

1,410,464.15 

1,486,329.88 

1,612,602.01 

1,665,023.34 

1,402,590.37 

1,370,537.87 

3,031,173.88 

1,763,820.02 

2,237,304.39 

$100,475.00 

196,159.72 

51,937.50 

63,015.09 

2,000.00 

68,209.80 

116,756.26 

57,889.15 

51,921.79 

436,276.03 

666,428.03 

861,864.23 

206,203.21 

473,702.70 

502,254.05 

528,565.55 

438,960.29 

464,279.57 

109,390.25 

50,431.05 

1,715,537.72 

440,921.24 

861,583.20 

$938.53 
11,590.82 
21,822.97 
42,431.19 
63,804.42 
49,991.55 
41,577.48 
49,067.00 
37,580.17 
44,054.80 
53,171.59 
44,670.55 
46,698.56 
73,733.38 
62,884.61 
44,394.83 
68,964.23 
95,933.10 
81,388.33 
96,227.01 
89,402.06 
87,790.74 
103,531.67 

$49,848.46 
269,940.79 
381,972.37 
500,548.58 
448,404.65 
495,021.30 
427,941.40 
454,609.75 
519,673.94 
698,337.03 
817,894.52 
770,488.58 
638,281.41 
695,813.07 
693,780.00 
845,123.82 
876,437.28 
981,186.46 
975,149.20 
930,395.95 
939,739.67 
979,615.36 

8,464,761.43 

14,390,203.59 

3,196,881.97 

1,311,649.59 

1,174,158.93 

28,542,996.33 
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On  account  of  site  for  and  construction  of  the  Administration 
Building  of  the  Institution,  and  on  account  of  real 
Vprope6rty! m      estate,  buildings,   and    equipment    of    departmental 
establishments,   the  following  sums  have  been  ex- 
pended since  the  foundation  of  the  Institution: 

D. — Real  estate  and  equipment,  original  cost. 
Administration : 

Building,  site,  and  equipment  (Oct.  31,  1925) $341 ,015.96 

Laboratory  for  Plant  Physiology  (Sept.  30,  1925): 

Buildings  and  grounds $54 ,  705 .41 

Laboratory  and  library 29, 912. 01 

Operating  appliances 10 ,  854 .  27 

95,471.69 

Ecological  Research  (Sept.  30,  1925) : 

Building,  Laboratory 7,404.58 

Library,  operating 4,261 .  11 

11,665.69 

Department  of  Embryology  (Sept.  30,  1925) : 

Library 1,447.48 

Laboratory 7,787.75 

Administration 3,899.93 

13,135.16 

Department  of  Genetics  (Sept.  30,  1925) : 

Buildings,  grounds,  field 273, 104.67 

Operating 20,858.34 

Laboratory  apparatus 14,020.08 

Library 24,853.70 

Archives 45,488.90 

378,325.69 

Geophysical  Laboratory  (Sept.  30,  1925) : 

Building,  library,  operating  appliances 194 ,  802 .  76 

Laboratory  apparatus 100,036.82 

Shop  equipment 11 ,  778 .  52 

306,618.10 

Department  of  Historical  Research  (Sept.  30,  1925) : 

Office 3,440.15 

Library 4,955.98 

8,396.13 

Department  of  Marine  Biology  (Sept.  30,  1922) : 

Vessels 30,930.43 

Buildings,  docks,  furniture,  and  library 12 ,  130 .  86 

Apparatus  and  instruments 9,322.55 

— ■  52,383.84 

Department  of  Meridian  Astrometry  (Sept.  30,  1925) : 

Apparatus  and  instruments 3 ,  257 .  34 

Operating 3 ,  560 .  60 

6,817.94 

Nutrition  Laboratory  (Sept.  30,  1925) : 

Building,  office,  and  shop 124,813. 19 

Laboratory  apparatus 27 ,  310 .  01 

152,123.20 

Mount  Wilson  Observatory  (Aug.  31,  1925): 

Buildings,  grounds,  road,  and  telephone  line 197,493.90 

Shop  equipment 41,328.40 

Instruments 521,305.05 

Furniture  and  operating  appliances 168,991 .30 

Hooker  100-inch  reflector 599,979.77 

1,529,098.42 

Department  of  Terrestrial  Magnetism  (Sept.  30,  1925) : 

Building,  site,  and  office 208,657. 16 

Vessel  and  survey  equipment 187,321.77 

Instruments,  laboratory,  and  shop  equipment 119,256.63 

515,235.56 

; 

3,410,287.38 
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PUBLICATIONS. 

Sales  of  Pubiica-        Table  E  shows  the  amounts  received  from  suc- 
tions and  Value 
of  those  on        scriptions  to  the  Index  Medicus,  from  sales  of  Year 

Books,  and  from  sales  of  all  other  publications  for 

each  year  since  the  foundation  of  the  Institution. 


E. — Table  showing  sales  of  publications. 

Year. 

Index 

Year 

Miscellaneous 

Medicus. 

Book. 

books. 

1903 
1904 

$2,256.91 
2,370.47 

$29.25 
52.85 

$12.75 

1905 

2,562.76 

44.75 

431.44 

1906 

2,970.56 

37.60 

1,341.52 

1907 

3,676.71 

56.50 

2,292.89 

1908 

3,406.19 

99.65 

4,371.67 

1909 

4,821.85 

73.01 

6,287.21 

1910 

4,470.50 

100.70 

5,899.05 

1911 

4,440.21 

85.50 

6,366.55 

1912 

4,652.14 

61.65 

6,782.34 

1913 

4,992.02 

75.95 

7,140.69 

1914 

5,079.16 

49.65 

6,273.59 

1915 

5,010.21 

47.60 

5,239.98 

1916 

4,382.19 

46.60 

8,115.37 

1917 

4,616.21 

51.55 

7,253.59 

1918 

4,324.29 

21.10 

5,575.61 

1919 

4,267.95 

93.30 

8,476.33 

1920 

5,451.86 

40.50 

12,901.43 

1921 

6,277.32 

50.55 

10,356.64 

1922 

5,774.59 

59.25 

8,248.00 

1923 

5,777.46 

70.10 

7,994.20 

1924 

4,533.68 

31.00 

7,429.53 

1925      . 
Total.. 

5,636.25 

25.00 

8,019.49 

101,751.49 

1,303.61 

136,809.87 

At  the  end  of  the  fiscal  year  there  are  on  hand  94,319  volumes  of 
miscellaneous  publications  and  Year  Books,  having  a  sale  value  of 
$275,130.90;  also  1,799  complete  volumes  and  8,528  miscellaneous 
numbers  of  the  Index  Medicus,  having  a  value  of  $19,189.25. 
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Growth  and  Eztent       The  data  furnished  in  table  F  are  of   statistical 

of  Institution's      interest  in  respect  to  the  work  of  publication  of  the 
Publications.         T      J#J     ,.  ___        .  .  .  .  _  , 

Institution.     527  volumes,  which  embrace  a  total  of 

148,575  pages  of  printed  matter,  have  thus  far  been  issued. 

F. — Table  showing  number  of  volumes,  number  of  pages  {octavo  and  quarto),  and  totals  of 

pages  of  publications  issued  by  the  Institution  for  each  year  and  for  the 

twenty-four  years  from  1902  to  1925. 


Year. 

Number  of 
volumes 
issued. 

Number  of 
octavo 
pages. 

Number  of 
quarto 
pages. 

Total 

number  of 

pages. 

1902 

1903 

1904 

1905 

1906 

1907 

1908 

1909 

1910 

1911 

1912 

1913 

1914 

1915 

1916 

1917 

1918 

1919 

1920 

1921 

1922 

1923 

1924 

1925 

Total .  . . 

3 

3 

11 

21 
19 
38 
28 
19 
29 
30 
23 
29 
23 
23 
35 
21 
17 
29 
23 
18 
24 
20 
17 
24 

46 
1,667 
2,843 
3,783 
3,166 
6,284 
4,843 
3,695 
3,274 
5,062 
3,981 
6,605 
4,978 
4,686 
9,478 
4,464 
3,073 
5,834 
3,962 
4,068 
4,566 
6,459 
4,665 
3,970 

46 
1,667 
2,877 
5,228 
4,454 
9,712 
7,328 
4,907 
8,105 
6,732 
6,025 
9,357 
6,912 
6,152 
11,908 
7,155 
4,193 
8,265 
7,672 
5,466 
6,605 
7,063 
5,499 
5,247 

34 

1,445 
1,288 
3,428 
2,485 
1,212 
4,831 
1,670 
2,044 
2,752 
1,934 
1,466 
2,430 
2,691 
1,120 
2,431 
3,710 
1,398 
2,039 
604 
834 
1,277 

527 

105,452 

43,123 

148,575 

The  publication  of  18  volumes  has  been  authorized  by  the  Execu- 
tive Committee  during  the  year,  at  an  aggregate  estimated  cost  of 
Publications       $54,700.     The  following  list  gives  the  titles  and  names 
^lssuediZduruild     °^  autnors  °f  tne  publications  issued;  it  includes  24 
the  Year.        volumes,  with  an  aggregate  of  3,970  octavo  pages  and 
1,277  quarto  pages.     Thirteen  additional  volumes  are  now  in  press. 
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List  op  Publications  issued  by  Carnegie  Institution  op  Washington 
during  the  year  ending  october  31,  1925. 

Year  Book,  No.  23,  1924.     Octavo,  xx+325  pages,  1  plate,  4  figures. 

Index  Medicus,  Third  Series.     Vol.  4,  1924.     Octavo,  1,083  pages. 

Twelfth  edition  of  an  illustrated  pamphlet  on  Scope  and  Organization  of  the  Carnegie 

Institution  of  Washington.     Octavo,  60  pages,  30  figures. 
No.  228A.     Crampton,  Henry  E.     Studies  on  the  Variation,  Distribution,  and  Evolution 
of  the  Genus  Partula:  The  Species  of  the  Mariana  Islands  (Guam  and 
Saipan).     Quarto,  vn+116  pages,  14  plates. 
No.  310.     Barus,  Carl.     Displacement  Interferometry  Applied  to  Acoustics  and  to  Gravi- 
tation.    Part  III.     Octavo,  rx+165  pages,  25  tables,  221  figures. 
No.  331.    Stock,  Chester.     Cenozoic  Gravigrade  Edentates  of  Western  North  America 
with  Special  Reference  to  the  Pleistocene  Megalonychinae  and   Mylo- 
dontidse  of  Rancho  La  Brea.     Quarto,  xm+206  pages,  47  plates,  120  figs. 
No.  340.     Papers  from  the  Department  of  Marine  Biology  of  the  Carnegie  Institution 
of  Washington.     Vol.  XIX.     Quarto. 
This  book,  a  memorial  to  Alfred  Goldsborough  Mayor,  contains  the  following 
papers,  five  of  them  being  posthumous  works  of  Dr.  Mayor: 
Mayor,  Alfred  G. — Structure  and  Ecology  of  Samoan  Reefs.     Pages  1-25, 

8  plates,  4  figures. 
Mayor,  Alfred  G. — Causes  which  Produce  Stable  Conditions  in  the  Depth  of 

the  Floors  of  Pacific  Fringing  Reef  Flats.     Pages  27-36,  1  figure. 
Mayor,  Alfred  G. — Inability  of  Stream  Water  to  Dissolve  Submarine  Lime- 
stones.    Pages  37-49,  1  figure. 
Mayor,  Alfred  G. — Growth  Rate  of  Samoan  Corals.     Pages  51-72,  26  plates. 
Mayor,  Alfred  G. — Rose  Atoll,  American  Samoa.     Pages  73-91,  2  plates. 
Grey,  Irving  M. — Bibliography  of  papers  of  Dr.  Mayor  and  associates. 

Pages  80-90. 
Daly,  R.  A. — Geology  of  American  Samoa.     Pages  93-143,  11  plates,  2  figs. 
Chamberlin,  Rollin  T. — The  Geological  Interpretation  of  the  Coral  Reefs 

of  Tutuila,  American  Samoa.     Pages  145-178,  7  plates,  5  figures. 
Lipman,  C.  B. — A  Critical  and  Experimental  Study  of  Drew's  Bacterial 

Hypothesis  on  CaCO  Precipitation  in  the  Sea.     Pages  179-191. 
Lipman,  C.  B.,  and  P.  E.  Shelley. — The  Chemical  Composition  of  Litho- 

thamnium  from  Various  Sources.     Pages  193-197. 
Lipman,  C.  B.,  and  P.  E.  Shelley. — Studies  on  the  Origin  and  Composition 

of  the  Soil  of  Rose  Islet.     Pages  201-208. 
Lipman,  C.  B.,  and  J.  K.  Taylor. — Bacteriological  Studies  on  Rose  Islet  Soils. 
Pages  209-217. 
No.  342.     Cushman,  Joseph  A.     Samoan  Foraminifera.     (Paper  from  the  Department 
of  Marine  Biology  of  the  Carnegie  Institution  of  Washington.     Vol.  XXI.) 
Octavo,  75  pages,  25  plates. 
No.  343.     Hoffmeister,  J.  Edward.     Some  Corals  from  American  Samoa  and  the  Fiji 
Islands.     (Papers  from  Department  of  Marine  Biology  of  the  Carnegie 
Institution  of  Washington.     Vol.  XXII.)     Quarto,  90  pages,  23  plates. 
No.  347.     Contributions   to    Palaeontology   from    Carnegie  Institution  of  Washington. 
Octavo,  in +92  pages,  10  plates,  54  figures. 
Papers  concerning  the  Palaeontology  of  the  Pleistocene  of  California  and  Ter- 
tiary of  Oregon. 

I.  Merriam,  John  C,  and  Chester  Stock. — Relationships  and  Structures 
of  the  Short-faced  Bear,  Arctotherium,  from  the  Pleistocene  of  Cali- 
fornia. 
II.  Merriam,  John  C,  and  Chester  Stock. — A  Llama  from  the  Pleistocene  of 

McKittrick,  California. 
III.  Merriam,  John  C,  Chester  Stock,  and  C.  L.  Moody. — The  Pliocene 
Rattlesnake  Formation  and  Fauna  of  Eastern  Oregon,  with  Notes  on 
the  Geology  of  the  Rattlesnake  and  Mascall  Deposits. 
No.  348.     Contributions   to   Palaeontology    from   Carnegie   Institution  of   Washington. 
Kellogg,  Remington.    Additions  to  the  Tertiary  History  of  Pelagic  Mam- 
mals on  the  Pacific  Coast  of  North  America.     Octavo,  in +120  pages,  19 
plates,  53  figures. 
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No.  349.     Contributions   to   Palaeontology   from    Carnegie  Institution  of  Washington. 
Octavo,  in +  130  pages,  25  plates,  39  figures. 
Studies  on  the  Fossil  Flora  and  Fauna  of  the  Western  United  States: 

I.  Chaney,  Ralph  W. — A  Comparative  Study  of  the  Bridge  Creek  Flora 

and  the  Modern  Redwood  Forest. 
II.  Chaney,  Ralph  W. — The  Mascall  Flora — Its  Distribution  and  Climatic 
Relation. 

III.  Chaney,  Ralph  W. — Notes  on  Two  Fossil  Hackberries  from  the  Tertiary 

of  the  Western  United  States. 

IV.  Chaney,  Ralph  W. — A  Record  of  the  Presence  of  Umbellularia  from 

the  Tertiary  of  the  West. 
V.  Miller,  Loye. — Avian  Remains  from  the  Miocene  of  Lompoc,  California. 
VI.  Miller,  Loye. — Birds  of  Rancho  La  Brea. 

VII.  Dice,  Lee  Raymond. — Rodents  and  Lagomorphs  of  the  Rancho  La 
Brea  Deposits. 
No.  352.     Quaternary  Climates.     Octavo,  v+212  pages,  10  plates,  38  figures. 
Jones,  J  C. — Geologic  History  of  Lake  Lahontan. 
Antevs,  Ernst. — On  the  Pleistocene  History  of  the  Great  Basin. 
Antevs,  Ernst. — The  Big  Tree  as  a  Climatic  Measure. 
Huntington,  Ellsworth. — Tree  Growth  and  Climatic  Interpretations. 
No.  355.     Clements,  F.  E.,  and  J.  E.  Weaver.     Experimental  Vegetation:  The  Relation 

of  Climaxes  to  Climate.     Octavo,  vn+172  pages,  15  plates,  41  figures. 
No.  356.     Clements,  F.  E.,  and  G.  W.  Goldsmith.     The  Phytometer  Method  in  Ecology. 

Octavo,  vi +  106  pages,  11  plates,  45  figures. 
No.  358.     Bidwell,  Percy  W.,  and  John  I.  Falconer.     History  of  Agriculture  in  the  North- 
ern United  States,  1620-1860.     Octavo,  512  pages,  114  figures. 
No.  359.     Matteson,    David    M.     List   of   Manuscripts   concerning   American   History 
preserved  in  European  Libraries  and  Noted  in  their  Published  Catalogues 
and  Similar  Printed  Lists.     Octavo,  vni+203  pages. 
No.  360.     Day,  Arthur  L.,  and  E.  T.  Allen  (with  the  cooperation  of  H.  E.  Merwin,  E.  S. 
Shepherd,  and  M.  Aurousseau).     The  Volcanic  Activity  and  Hot  Springs 
of  Lassen  Peak.     Quarto,  vin  +  190  pages,  13  plates,  81  figures. 
No.  361.     Contributions  to  Embryology.     Nos.  78  to  84,  Vol.  XVI.     Quarto,  276  pages, 
32  plates,  22  text-figures. 
Wislocki,  George  B. — On  the  Placentation  of  the  Sloth  (Brady pus  griseus). 

(Contribution  No.  78.)     Pages  5-21,  2  plates. 
West,  Cecil  M. — The  Development  of  the  Gums  and  their  Relationship  to 
the   Deciduous  Teeth  in  the   Human  Fetus.     (Contribution  No.   79.) 
Pages  23-45,  4  plates,  15  figures. 
Maximow,  A. — Tissue  Cultures  of  Young  Mammalian  Embryos.     (Contri- 
bution No.  80.)     Pages  47-113,  13  plates. 
Payne,  F. — A  Human  Embryo  of  14  Paired  Somites.     (Contribution  No.  81.) 

Pages  115-124,  3  plates,  1  figure. 
Sabin,  F.  R.,  C.  A.  Doan,  and  R.  S.  Cunningham. — The  Discrimination  of 
Two  Types  of  Phagocytic  Cells  in  the  Connective  Tissues  by  the  Supravital 
Technique.     (Contribution  No.  82.)     Pages  125-162,  2  plates,  4  figures. 
Doan,  C.  A.,  R.  S.  Cunningham,  and  F.  R.  Sabin. — Experimental  Studies  on 
the  Origin  and  Maturation  of  Avian  and  Mammalian  Red  Blood-cells. 
(Contribution  No.  83.)     Pages  163-226,  5  plates,  1  figure. 
Cunningham,  R.  S.,  F.  R.  Sabin,  and  C.  A.  Doan. — The  Development  of 
Leucocytes,  Lymphocytes,  and  Monocytes  from  a  Specific  Stem-Cell  in 
Adult  Tissues.     (Contribution  No.  84.)     Pages  227-276,  3  plates,  1  figure. 
No.  365.     MacDougal,  D.  T.     Reversible  Variations  in  Volume,  Pressure,  and  Move- 
ments of  Sap  in  Trees.     Octavo,  90  pages,  5  plates,  13  figures. 
No.  366.     Woodring,  Wendell  P.     Contribution  to  the  Geology  and  Palaeontology  of  the 
West  Indies:  Miocene  Mollusks  from  Bowden,  Jamaica.     Octavo,  vi +222 
pages,  28  plates. 
No.  367.    Jochelson,  Waldemar.     Archseological  Investigations  in  the  Aleutian  Islands. 

Quarto,  ix+145  pages,  28  plates,  110  figures. 
No.  368.     Cannon,  W.  A.     Physiological  Features  of  Roots  with  Especial  Reference  to  the 
Relation  of  Roots  to  the  Aeration  of  the  Soils.     Octavo,  in+168  pages, 
30  tables,  21  figures. 
No.  370.    Stuart,  Graham  H.     Governmental  System  of  Peru.     Octavo,  vi+ 156  pages. 


REPORT   OF   THE    PRESIDENT,    1925. 

Bibliography  of  Contributions  to  Knowledge  Relating  to  Work  of 
Investigators,  Associates,  and  Collaborators  Issued  Through 
Channels  other  than  the  Publications  of  the  Carnegie  Insti- 
tution of  Washington. 

Adams,  Leason  H.     Temperatures  at  moderate  depths  within  the  Earth.     Jour.  Wash.  Acad. 

Sci.,  vol.  14,  459-472  (1924). 

.     Thermostats  for  very  high' temperatures.     Jour.  Opt. 'Soc.  Amer.,vol.  9,  599-603(1924). 

,  and  H.  S.  Washington.     The  distribution  of  iron  in  meteorites  and  in  the  Earth. 

Jour.  Wash.  Acad.  Sci.,  vol.  14,  333-340  (1924). 
-,  and  E.  D.  Williamson.     The  composition  of  the  Earth's  interior.     Smithsonian  Report 


for  1923,  pp.  241-260  (1925). 
Adams,  Walter  S.     The  relativity  displacement  of  the  spectral  lines  in  the  companion  of  Sirius. 

Proc.  Nat.  Acad.  Sci.,  vol.  11,  382-387  (1925) ;  Mt.  Wilson  Communications  No.  94;  (Abstract) 

Pubs.  A.  S.  P.,  vol.  37,  158  (1925). 
.     Mount  Wilson  Observatory  (Reports  of  Observatories).     Pubs.  Amer.  Astron.  Soc, 

225-230  (1924);  Pop.  Astron.,  vol.  33,  101-106  (1925). 
,  and  Alfbed  H.  Jot.     The  parallaxes  and  radial  velocities  of  dwarf  stars  of  the  K  and  M. 

types.     (Abstract)  Pubs.  A.  S.  P.,  vol.  37,  157-158  (1925). 
,  .     Additional  stars  with  Cepheid  characteristics  of  spectrum.     Pubs.  A.  S.  P., 

vol.  37,  162  (1925). 

Enhanced  silicon  lines  in  some  stellar  spectra.    Pubs.  A.  S.  P.,  vol.  37, 163  (1925) 


, ,  and  Milton  L.  Humason.     An  additional  star  of  the  W  Cephei  type  of  spectrum. 

Pubs.  A.  S.  P.,  vol.  37,  161-162  (1925). 
,  Paul  W.  Merrill,  and  Alfred  H.  Joy.     Application  of  the  registering  microphotom- 

eter  to  stellar  spectra.     (Abstract)  Pubs.  A.  S.  P.,  vol.  36,  226-227  (1924). 
, , .     Charts  of  stellar  spectra  made  with  the  microphotometer.     (Abstract) 

Pubs.  Amer.  Astron.  Soc,  32d  meeting,  Dartmouth,  159  (1924);  Pop.  Astron.,  vol.  32,  542 

(1924). 
— ,  and  Charles  E.  St.  John.     An  attempt  to  detect  water-vapor  and  oxygen  lines  in  the 
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To  the  Trustees  of  the  Carnegie  Institution  of  Washington: 

Gentlemen:  Article  V,  Section  3,  of  the  By-Laws  provides  that  the 
Executive  Committee  shall  submit,  at  the  annual  meeting  of  the  Board  of 
Trustees,  a  report  for  publication;  and  Article  VI,  Section  3,  provides  that 
the  Executive  Committee  shall  also  submit,  at  the  same  time,  a  full  state- 
ment of  the  finances  and  work  of  the  Institution  and  a  detailed  estimate  of  the 
expenditures  for  the  succeeding  year.  In  accordance  with  these  provisions, 
the  Executive  Committee  herewith  respectfully  submits  its  report  for  the 
fiscal  year  ending  October  31,  1925. 

During  this  year  the  Executive  Committee  held  eight  meetings,  printed 
reports  of  which  have  been  mailed  to  each  Trustee. 

Upon  adjournment  of  the  meeting  of  the  Board  of  Trustees  of  December  12, 
1924,  the  members  of  the  Executive  Committee  met  and  organized  by  the 
election  of  Mr.  Root  as  Chairman  for  1925,  and  by  voting  that  the  Adminis- 
trative Secretary  of  the  Institution  act  as  secretary  of  the  Committee  for  the 
same  period. 

The  President's  report  concerns  the  business  of  the  Institution  for  the  fiscal 
year  and  is  supplemented  by  itemized  financial  statements,  while  the  accom- 
panying Year  Book  gives  in  detail  the  results  of  research  activities  of  the 
Institution  for  the  period  from  July  1,  1924,  to  June  30,  1925.  The  President 
also  submits  an  outline  of  suggested  appropriations  for  the  year  1926.  The 
Executive  Committee  hereby  approves  the  report  and  recommendations  of 
the  President,  budget  estimates  for  next  year  having  been  provisionally 
approved  at  the  meeting  of  the  Committee  of  October  23,  1925. 

The  Board  of  Trustees,  at  its  meeting  of  December  12,  1924,  appointed 
Leslie,  Banks  &  Company  to  audit  the  accounts  of  the  Institution  for  the 
fiscal  year  ending  October  31,  1925.  The  report  of  the  auditor,  including  a 
balance  sheet  showing  the  assets  and  liabilities  of  the  Institution  on  October 
31,  1925,  is  herewith  submitted  as  a  part  of  the  report  of  the  Executive 
Committee. 

There  is  also  submitted  a  statement  of  receipts  and  disbursements  since  the 
organization  of  the  Institution  on  January  28,  1902. 

Two  vacancies  exist  in  the  membership  of  the  Board  of  Trustees,  caused  by 
the  resignations  of  Mr.  Charles  Payne  Fenner  and  Dr.  Henry  P.  Walcott 
which  were  regretfully  accepted  at  the  meeting  of  the  Board  of  Trustees  on 
December  12,  1924.  Nominations  for  such  vacancies  have  been  requested  in 
accordance  with  provisions  of  the  By-Laws  and  will  be  submitted  to  the 
Board  of  Trustees  at  its  annual  meeting  on  December  11,  1925. 

No  vacancies  exist  among  the  officers  of  the  Board  or  in  the  membership 
of  any  of  its  Committees. 

Elihu  Root,  Chairman. 
John  J.  Carty. 
W.  Cameron  Forbes. 
John  C.  Merriam. 
Wm.  Barclay  Parsons. 
Stewart  Paton. 
Henry  S.  Pritchett. 

November  19,  1925.  Henry  White. 
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REPORT  OF  AUDITORS 

New  York,  November  24,  1925. 

To  the  Board  of  Trustees, 

Carnegie  Institution  of  Washington, 
Washington,  D.  C. 

Dear  Sirs:  We  have  audited  the  accounts  of  the  Carnegie  Institution  of 
Washington  for  the  fiscal  year  ended  October  31,  1925. 

All  Securities  were  verified  by  inspection  and  are  shown  at  cost  on  the 
Balance  Sheet.  The  Cash  in  Banks  was  confirmed  by  the  Depositories  and 
the  Cash  on  Hand  by  actual  count. 

All  Income  from  Investments  has  been  accounted  for  and  the  appropria- 
tions and  allotments  checked  with  certified  copies  of  the  minutes  of  the 
Institution. 

Real  Estate  and  Equipment  are  carried  at  cost. 

The  books  of  the  various  departments  are  audited  by  the  Bursar,  and  we 
have  included  his  figures  in  the  annexed  Balance  Sheet  without  examination 
by  us. 

We  hereby  certify  that,  in  our  opinion,  the  Balance  Sheet  annexed  hereto 
correctly  states  the  financial  condition  of  the  Institution  at  October  31,  1925. 

Leslie,  Banks  &  Company, 

Accountants. 

Copies  of  the  Financial  Statement,  certified  by 
the  auditor  in  the  above  report,  follow  on  pages 
42  to  46. 
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CARNEGIE   INSTITUTION   OF  WASHINGTON. 

Schedule  of  Securities. 

Ma-                             Market  Value  Cost  or  value 

SECURITIES.                              turity,    Par  Value.       Oct.  31,  1925.  at  date  acquired. 

Endowment. 

U.  S.  Steel  reg.  5s  Series  A,  B,  C,  D,  E,  F 1951     $15,700,000  $17,433,500.00  $15,700,000.00 

Ala.  Power  1st  &  ref.  5s 1951  50,000  48,000.00  49,062.50 

Am.  Smelt,  and  Ref.  1st  5s 1947  25,000  24,625.00  22,787.50 

Am.  Tel.  &  Tel.  deb.  5s 1960  100,000  96,875.00  98,000.00 

Cedar  Rapids  Mfg.  &  P.  Co.  1st  sink.  5s 1953  100,000  99,000.00  99,544.54 

C.  M.  &  Pug.  Sd.  4s 1949  175,000  86,625.00  159,268.00 

C.  M.  &  St.  P.  gen.  4^a 1989  14,000  12,390.00  13,953.75 

Chi.  U.  Station  1st  6^s 1963  25,000  29,406.25  28,656.25 

Cleveland  U.  Terminal  1st  sink.  53^s 1972  25,000  26,343.75  25,843.75 

Commonwealth  Edison  Co.  1st  5s 1943  16,000  16,160.00  15,695.00 

Dom.  of  Canada  5s 1952  50,000  51,750.00  49,500.00 

Elgin,  Joliet  &  E.  Ry.  Eq.  5s 625,000  625,000.00  625,000.00 

Elgin,  Joliet  &  E.  Ry.  Eq.  6s 480,000  480,000.00  480,000.00 

Lehigh  and  L.  E.  4J^s 1957  325,000  305,500.00  331,568.30 

Nor.  States  Power  1st  ref.  5s 1941  33,000  32,010.00  32,548.25 

N.  Y.  Gas  &  E.  L.  H.  &  P.  Co.  purch  money  4s  1949  8,000  7,100.00  6,559.50 

Pac.  G.  &  El.  Co.  gen.  &  ref.  5s 1942  50,000  48,500.00  49,317.50 

Pittsburgh  C.  C.  &  St.  L.  5s 1975  100,000  99,000.00  99,637.50 

Providence  of  Alberta  5s 1950  100,000  101, 125  .00  101, 125  .00 

Providence  of  Ontario  5}^s 1937  25,000  27,300.00  25,503.60 

South  and  No.  Ala.  con.  5s 1936  150,000  164,500.00  160,875.00 

So.  Ry.  Co.  1st  con.  5s 1994  25,000  25,906.25  23,937.50 

Standard  Oil  of  N.  Y.  deb.  63^s 1933  25 ,  000  26, 750 .00  26 ,  787  .50 

Tenn.  Coal  I.  &  R.  R.  gen.  5s 1951  2,129,000  2,171,580.00  2,129,000.00 

Term.  R.  R.  Asso.  4s 1953  12,000  11,580.00  10,218.00 

Union  R.  R.  Co.  deb.  6s 1946  2,084,000  2,084,000.00  2,084,000.00 

Va.  Ry.  Co.  1st  5s 1962  100,000  99,750.00  100,723.00 

22,549,111.94 

Colburn  Fund.  ===== 

C.  M.  &  St.  P.  gen.  4^s 1989  4,000  3,540.00  4,070.00 

Cleveland  U.  Terminal  Co.  1st  sink.  5Ms 1972  10,000  10,537  .50  10,300  .00 

Liggett  &  Myers  Tob.  Co.  7s 1944  10,000  11,750.00  11,600.00 

P.  Lorillard  Co.  7s 1944  10,000  11,450.00  11,497.50 

Ore.  Short  Line  con.  5s 1946  4,000  4,105.00  3,910.00 

Ore.  Wash.  Ry.  &  M.  Co.  1st  ref.  4s 1961  10 ,000  8 ,  375  .00  7 ,  940  .00 

Park  &  Tilford  Co.  sink.  deb.  6s 1936  8,000  7,680.00  6,400.00 

Penna.  R.  R.  Co.  gen.  4^s 1965  50,000  46,562.50  51,062.50 

Pitts.  Shawmut  and  Nor.  4s 1952  42,000  4,200 .00  4,200  .00 

110,980.00 

Harriman  Fund  ====== 

So.  Pac.  S.  F.  Ter.  4s 1950  100,000  85,500.00  100,000.00 

C.  B.  and  Q.  111.  Div.  4s 1949  200,000  182,500.00  200,000.00 

300,000.00 

Insurance  Fund.  ===== 

Am.  Smelt,  and  Ref.  Co.  1st  5s 1947  10,000  9,850.00  9,002.50 

Am.  Tel.  &  Tel.  Co.  sink  deb.  5Ms 1943  53,000  54,457.50  53,598.25 

A.  T.  and  S.  Fe  gen.  4s 1995  50,000  44,375.00  50,056.25 

C.  B.  and  Q.  gen.  4s 1958  30,000  26,175.00  28,237.50 

C.  M.  and  St.  P.  gen.  4^s 1989  1,000  885.00  995.00 

Consumers  Power  Co.  1st  ref.  5s 1936  25,000  25,000.00  23,812.50 

Dom.  of  Canada  5s. 1952  25,000  25,875.00  24,727.50 

Great  Nor.  1st  ref.  4^s 1961  21,000  19,110.00  20,944.00 

111.  Central  ref.  4s 1955  21,000  18,842.50  19,008.75 

Missouri,  Kansas  &  Texas  1st  4s 1990  25,000  20,906.25  19,366.67 

New  England  Tel.  &  Tel.  5s 1952  12,000  12,750.00  11,934.25 

Nor.  Pac.  ref.  and  imp.  6s 2047  5,000  5,350.00  5,431.25 

Ore.  Wash.  Ry.  &  N.  Co.  1st  ref.  4s 1961  25,000  20,812.50  19,881.25 

Ore.  Short  Line  con.   5s 1946  25,000  25,656.25  24,468.25 

Penna.  R.  R.  con.  4J^s 1960  24,000  21,750.00  25,095.01 

Standard  Oil  Co.  of  N.  Y.  deb.  6^s 1933  5,000  5,350.00  5,311.25 

So.  Ry.  Co.  1st  con.  5s 1994  25,000  25,906.25  23,843.75 

City  of  Toronto  con.  deb.  5s 1949  25,000  24,875.00  24,038.10 

Wis.  Central  Ry.  Co.  1st  gen.  4s 1949  10,000  8,000  .00  7,640  .00 


397,392.03 
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Schedule  of  Securities — Continued. 

Ma- 
SECURITIES.  turity.    Par  Value. 

Reserve  Fund. 

Ala.  Power  1st  and  ref.  5s 1951  50,000 

Am.  Smelt,  and  Ref.  Co.  1st  5s 1947  15,000 

Am.  Tel.  &  Tel.  Co.  sink.  deb.  5^s 1943  47,000 

Am.  Tel.  &  Tel.  Co.  col.  4s 1929  50,000 

B.  &  O.  R.  R.  Co.  gen.  and  ref.  5s 1995  100,000 

Canada  So.  Ry.  Co.  con.  5s 1962  40,000 

Cedar  Rapids  Mfg.  and  P.  Co.  1st  sink.  5s 1953  25,000 

Central  Pacific,  1st  Ref.  4s 1949  50,000 

C.  B.  and  Q.  gen.  4s 1958  150,000 

C.  M.  and  St.  P.  gen.  4^s 1989  15,000 

Chi.  and  N.  W.  gen  3}^s 1987  120,000 

Chi.  U.  Station  6J^s 1963  75,000 

Cleveland  U.  Terminal  Co.  1st  sink  5J^s 1972  5,000 

Commonwealth  Edison  Co.  5s 1943  36, 000 

Consumers  Pow.  Co.  1st  ref.  5s 1936  25, 000 

Detroit  Edison  gen.  and  ref.  5s 1955  100, 000 

Dominion  of  Canada  5s 1952  100, 000 

Great  Nor.  1st  ref.  4J^s 1961  48,000 

Illinois  Central  R.  R.  Co.  ref.  4s. 1955  100,000 

Int.  Rap.  Trans,  ref.  5s 1966  280,000 

Kansas  City  Terminal  Ry.  Co.  1st  4s 1960  50,000 

Kansas  City  Power  and  Light  5s 1952  18, 000 

Lake  Shore  and  M.  S.  4s 1928  50,000 

Liggett  and  Myers  7s 1944  98,000 

Long  Island  ref.  4s 1949  50,000 

P.  Lorillard  Co.  7s 1944  95,000 

Missouri,  Kansas  &  Texas  1st  4s 1990  50,000 

City  of  Montreal  5s 1956  25,000 

City  of  Montreal  Sinking  5s 1954  75, 000 

New  England  Tel.  &  Tel.  5s 1952  30,000 

N.  Y.  Edison  1st  &  ref.  63^s 1941  50,000 

N.  Y.  W.  and  Boston  1st  4J^s 1946  60,000 

N.  Y.  Gas&E.  L.  H.  &  O.  Co.  purch  money  4s . .  1949  18,000 

Nor.  Pac.  ref.  and  imp.  6s 2047  95,000 

Nor.  Pac.  gen.  lien  3s 2047  50,000 

Province  of  Ontario  deb.  53^s 1937  35,000 

Province  of  Ontario  deb.  6s 1943  40, 000 

Ore.  Short  Line  con.  5s 1946  2,000 

Ore.  Wash.  Ry.  and  N.  Co.  1st  and  ref.  4s 1961  60,000 

Pac.  G.  &  El.  Co.  gen.  and  ref.  5s 1942  50,000 

Penna.  R.  R.  Co.  gen  4^8 1965  30,000 

Penna.  R.  R.  Co.  con  43^s 1960  101,000 

Southern  Bell  Tel.  &  Tel.  1st  5s  sink,  fund 1941  50, 000 

Southern  Cal.  Tel.  Co.  1st  &  ref.  sink,  fund  5s . .  1947  50,000 

Southern  Pacific  1st  ref.  4s 1955  100,000 

So.  Rwy.  Co.  1st  con.  5s 1994  50, 000 

Standard  Oil  of  N.  Y.  deb.  6J^s 1933  70, 000 

City  of  Toronto  con.  deb.  5s 1949  75,000 

Union  Pac.  1st  ref.  4s 2008  140,000 

City  of  Winnipeg,  interim  deb.  5s 1943  50,000 

City  of  Winnipeg,  deb.  6s 1946  50,000 

Wis.  Central  Ry.  Co.  1st  gen.  4s 1949  40,000 

Pension  Fund. 

Am.  Tel.  &  Tel.  Co.  sink  deb.  5^3 1943  25,000 

Canada  So.  Ry.  Co.  guaranteed  5s 1962  10,000 

Cleveland  Terminal  Co.  1st  sink.  5^s 1972  10,000 

Dominion  of  Canada  5s 1952  25, 000 

Liggett  &  Myers  7s 1944  2,000 

P.  Lorillard  Co.  7s 1944  5,000 

Missouri,  Kansas  &  Texas  1st  4s 1990  25, 000 

New  England  Tel.  &  Tel.  5s : .  1952  10,000 

N.  Y.  Gas  &  E.  L.  H.  &  P.  Co.  purch  money  4s.  1949  24,000 

Oregon  Short  Line  con.  1st  5s 1946  20,000 

Ore.  Wash.  Ry.  and  N.  Co.  1st  ref.  4s 1961  15,000 

Total 26,805,000 
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Market  Value 

Cost  or  value 

Oct.  31,  1925.     at  date  acquired. 

$48,000.00 

$48,125.00 

14,775.00 

13,510.00 

48,292.50 

47,354.25 

48,562.50 

45,500.00 

91,625.00 

102,375.00 

41,050.00 

39,231.50 

24,750.00 

24,025.00 

43,562.50 

48,250.00 

130,875.00 

141,263.75 

13,275.00 

14,925.00 

88,500.00 

100,300.00 

88,218.75 

85,610.25 

5,268.75 

5,153.75 

36,360.00 

35,345.25 

25,000.00 

23,878.50 

99,500.00 

99,942.50 

103,500.00 

98,936.25 

43,680.00 

48,109.25 

89,250.00 

89,668.75 

193,200.00 

276,701.00 

42,500.00 

40,520.00 

17,932.50 

17,937.00 

49,125.00 

47,000.00 

115,150.00 

116,083.27 

41,875.00 

48,285.00 

108,775.00 

111,253.50 

41,812.50 

38,661.67 

25,062.50 

24,062.50 

75,187.50 

72,375.00 

30,187.50 

29,858.75 

57,250.00 

55,573.75 

34,062.50 

49,187.50 

15,975.00 

14,927.00 

101,650.00 

96,756.25 

30,250.00 

33,101.25 

36,400.00 

35,787.50 

44,700.00 

43,137.50 

2,052.50 

1,955.00 

41,625.00 

46,375.00 

48,500.00 

46,399.28 

27,937.50 

29,837.50 

91,531.25 

105,608.12 

50,812.50 

47,687.50 

47,875.00 

46,000.00 

88,000.00 

92,148.75 

51,812.50 

47,875.00 

74,900.00 

74,504.75 

74,625.00 

72,114.32 

119,700.00 

128,722.50 

50,575.00 

48,250.00 

55,500.00 

53,500.00 

32,000.00 

30,477.00 

3,134,167.16 

25,687.50 

24,943.75 

10,262.50 

9,790.00 

10,537.50 

10,315.00 

25,875.00 

24,727.50 

2,350.00 

2,375.50 

5,725.75 

5,863.75 

20,906.25 

19,396.67 

10,062.50 

9,955.00 

21,300.00 

19,693.50 

20,525.00 

19,550.00 

12,487.50 

11,956.25 

158,566.92 

28,174,708.25 

26,650,218.05 

CAENEGIE    INSTITUTION   OF   WASHINGTON. 

Real  Estate  and  Equipment,  Original  Cost. 

Administration  (October  31,  1925): 

Building,  site,  and  equipment $341 ,  015  .96 

Laboratory  for  Plant  Physiology  (September  SO,  1925): 

Buildings  and  grounds $54 ,  705  .41 

Laboratory  and  library 29,912  .01 

Operating  appliances 10 ,  854 .27 

95,471.69 

Ecological  Research  (September  30,  1925): 

Building,  Laboratory 7 ,  404 .58 

Library,  Operating 4,261 .11 

11,665.69 

Department  of  Embryology  (September  SO,  1925): 

Library 1,447  .48 

Laboratory 7 ,  787  .75 

Administration 3 ,  899  .93 

13,135.16 

Department  of  Genetics  (September  SO,  1925): 

Buildings,  grounds,  field 143,754.67 

Operating 11,746.57 

Laboratory  apparatus 14, 020  .08 

Library 24,853  .70 

Archives 278 .92 

*194,653.94 

Geophysical  Laboratory  (September  SO,  1925): 

Building,  library,  operating  appliances 194, 802  .76 

Laboratory  apparatus 100, 036  .82 

Shop  equipment 1 1 ,  778  .52 

306,618.10 

Department  of  Historical  Research  (September  SO,  1925): 

Office 3,440.15 

Library 4,955  .98 

8,396.13 

Department  of  Marine  Biology  (September  SO,  1922): 

Vessels 30,930.43 

Buildings,  docks,  furniture,  and  library 12, 130  .86 

Apparatus  and  instruments 9 ,  322  .55 

52,383.84 

Department  of  Meridian  Astrometry  (September  SO,  1925): 

Apparatus  and  instruments 3 ,  257 .34 

Operating 3,560.60 

6,817.94 

Nutrition  Laboratory  (September  SO,  1925): 

Building,  office,  and  shop 124,813.19 

Laboratory  apparatus 27,310  .01 

152 , 123 .20 

Mount  Wilson  Observatory  (August  31,  1925): 

Buildings,  grounds,  road,  and  telephone  line .  197,493  .90 

Shop  equipment 41,328.40 

Instruments 521 ,  305  .05 

Furniture  and  operating  appliances 168, 991 .30 

Hooker  100-inch  reflector 599,979  .77 

1,529,098.42 

Department  of  Terrestrial  Magnetism  (September  30,  1925): 

Building,  site,  and  office 208,657.16 

Vessel  and  survey  equipment 187 ,  321 .77 

Instruments,  laboratory,  and  shop  equipment 119,256  .63 

515,235.56 

3,226,615.63 


*Note. — The  Harriman  Fund  property  in  the  amount  of  $183,671.75  formerly  included  in  this 
item  is  now  shown  as  a  separate  item  on  the  Balance  Sheet. 
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EEPOETS  ON  INVESTIGATIONS  AND  PEOJECTS 


The  following  reports  and  abstracts  of  reports  show  the 
progress  of  investigations  carried  on  during  the  year  ending 
June  30,  1925,  including  not  only  those  recently  authorized,  but 
others  on  which  work  has  been  continued  from  prior  years. 
Reports  of  Directors  of  Departments  are  given  first,  followed 
by  reports  of  recipients  of  grants  for  other  investigations,  the 
latter  arranged  according  to  subjects. 


DEPARTMENT  OF  EMBRYOLOGY.1 

George  L.  Streeter,  Director. 

EARLY  STAGES  OF  THE  EMBRYO. 

In  embryology,  as  in  many  other  branches  of  science,  it  is  the  early  stages 
that  are  the  most  fundamental.  Structure  and  function  become  more  sig- 
nificant and  far-reaching  the  farther  back  in  development  they  are  traced. 
Anything  happening  within  the  original  fertilized  ovum  must  necessarily 
leave  its  impress  on  every  single  cell  of  the  mature  organism.  One  can  there- 
fore understand  why  the  embryologist  constantly  endeavors  to  force  his 
domain  of  research  back  into  the  obscure  earlier  phenomena  of  development. 
That  effort  is  persistently  being  made  in  this  department,  and  it  has  been  our 
good  fortune  during  the  past  year  to  succeed  in  supplementing  our  early 
human  material  with  earlier  stages  of  the  pig.  Through  the  generous  co- 
operation of  the  Bureau  of  Animal  Industry  of  the  U.  S.  Department  of  Agri- 
culture, we  have  been  able  to  collect  a  complete  series  of  "timed"  specimens 
of  the  first  two  weeks  of  development.  Beginning  with  the  2-cell  stage,  we 
have,  in  this  mammal  at  least,  the  material  for  a  study  of  cell  cleavage,  the 
formation  of  the  segmentation  cavity,  the  differentiation  of  the  embryo  and 
its  membranes,  and  the  first  phenomena  of  implantation,  all  of  which  period  is 
practically  unknown  in  man.  By  the  device  of  special  photographic  and 
histologic  technique,  Dr.  C.  H.  Heuser  has  been  able  to  record  and  study 
this  unique  material.  This  is  the  first  time  anyone  has  succeeded  in  obtaining 
an  adequate  photographic  history  of  these  early  steps  in  the  development  of 
a  higher  mammalian  egg.  It  provides  us  with  data  of  outstanding  im- 
portance. 

Origin  of  the  Notochord. 

By  combining  the  early  egg  of  the  pig,  just  referred  to,  with  the  consider- 
able material  of  later  stages  already  in  our  collection,  I  found  that  I  could 
trace  the  origin  and  subsequent  spread  of  the  mesoderm  much  more  completely 
than  had  hitherto  been  possible,  and  at  the  present  time  I  am  completing  a 
study  of  the  mesoderm  up  to  the  time  the  first  somites  are  formed.  In 
connection  with  this  study  I  have  followed  the  different  stages  in  the  forma- 
tion of  the  primitive  streak  and  have  been  able  to  show  that  the  primitive 
node,  known  as  Hensen's  node,  is  not  simply  the  cranial  end  of  the  primitive 
streak,  but  comes  into  existence  as  an  additional  morphologically  specialized 
center  of  ectoderm  proliferation  just  in  front  of  the  primitive  streak,  with  the 
front  end  of  which  it  promptly  fuses.  This  node  proliferates  in  such  a  man- 
ner as  to  lay  down  the  notochord,  and  other  than  that  there  is  no  "head 
process."  Giving  origin  to  the  notochord  appears  to  be  the  particular  and 
only  purpose  of  Hensen's  node  in  this  form.  The  notochord,  therefore,  is 
not  mesodermal  in  origin,  the  relation  it  bears  to  that  germ  layer  being  ac- 
quired only  secondarily.  A  more  complete  morphological  acquaintance  with 
these  structures,  which  is  being  rapidly  obtained,  will  open  up  new  fields  for 
experiment  leading  to  the  determination  of  the  factors  that  control  these 
early  developmental  phenomena. 

1  Address:  Wolfe  and  Madison  Streets,  Baltimore,  Maryland. 
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A  7-Somite  Human  Embryo. 

As  has  been  repeatedly  pointed  out  in  these  reports,  it  is  in  the  first  three 
weeks  of  development  that  the  great  gaps  exist  in  our  knowledge  of  the 
anatomy  of  the  human  embryo.  The  very  perfect  specimen  of  Professor 
F.  Payne,  falling  in  the  third  week,  is  therefore  of  more  than  ordinary  im- 
portance. It  has  been  carefully  studied  and  the  chief  structures  have  been 
reconstructed  in  the  form  of  enlarged  models.  Dr.  Payne  has  prepared  a 
systematic  account  of  the  entire  embryo,  with  accurate  illustrations,  which 
has  been  published  in  the  Contributions  to  Embryology.  Thus  he  has  made 
it  available  to  all  embryologists.  On  account  of  its  perfect  form  and  excel- 
lent histological  condition,  this  embryo  is  destined  to  serve  as  a  standard 
for  this  stage  of  development. 

Dorsal  Flexure  op  Young  Human  Embryos. 

In  connection  with  his  studies  on  the  external  form  of  human  embryos 
of  the  third  and  fourth  week,  Professor  G.  W.  Bartelmez  has  been  able  to 
show  that  a  gentle  dorsal  concavity  may  normally  occur  in  the  embryo  as  a 
result  of  a  turgid  yolk-sac  projecting  beyond  it,  which  condition  serves  to 
elevate  its  developing  rostral  end,  and  the  flexure  is  more  pronounced  if 
similar  conditions  obtain  caudally.  Dr.  Bartelmez  points  out  that  this  type 
of  concavity  is  not  to  be  confused  with  the  marked  dorsal  kink  that  frequently 
occurs  as  a  result  of  maceration  or  collapse  of  the  yolk-sac  or  both. 

Ectodermal  Areas  op  the  Head. 

During  the  past  year  Dr.  Bartelmez  has  completed  a  study  of  the  ecto- 
dermal areas  of  the  head,  which  he  made  by  plotting  the  areas  on  models 
of  the  external  form,  basing  his  analysis  on  the  height  of  the  cells  and  their 
cytoplasmic  differentiations.  He  shows  that  in  the  2-somite  embryo  there 
are  already  three  distinct  areas:  (1)  trigeminal,  (2)  hyoid,  (3)  otic  plate.  In 
the  8-somite  stage  there  are,  in  addition,  a  first  gill  membrane  area  and  area 
branchialis  III.  During  the  9  to  11-somite  period  mandibular  and  hyoid 
arches,  maxillary  process,  and  the  first  gill  membrane  appear  as  eminences  on 
the  surface,  and  the  facial  epibranchial  placode  is  arising  dorsally  in  the  hyoid 
area.  This  placode  soon  comes  into  intimate  relation  with  the  acoustico-facial 
neural  crest,  and  both  it  and  the  adjoining  hyoid  area  appear  to  contribute  to 
the  geniculate  ganglion.  In  a  13-somite  embryo  the  trigeminal  area  is  highly 
differentiated  and  in  the  16-somite  stage  it  begins  to  show  clear  evidence  of 
cell  migration,  as  do  also  the  more  caudal  visceral-arch  areas.  By  this  time 
the  differentiated  head  ectoderm  extends  as  far  caudalward  as  the  third 
somite. 

The  above  studies  of  Dr.  Bartelmez  form  part  of  an  important  program  of 
investigation,  undertaken  in  conjunction  with  Dr.  Evans,  which  has  been 
under  way  for  about  ten  years.  Their  results  have  been  brought  together 
and  are  now  in  process  of  publication.  They  will  be  described  more  in  detail 
in  my  next  report. 

The  Early  Embryonic  Heart. 

A  study  of  the  early  development  of  the  heart  in  young  human  embryos 
has  been  made  by  Dr.  C.  L.  Davis.  The  ten  stages  upon  which  his  investiga- 
tion is  based  cover  the  period  at  which  the  embryo  has  between  2  and  20 
paired  somites,  falling  in  the  third  week  of  development.     He  finds  that  both 
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myocardium  and  endocardium  arise  as  bilaterally  symmetrical  structures, 
which  begin  to  fuse  at  their  oral  end,  the  fusion  slowly  spreading  backward  to 
the  atria,  which  remain  paired.  Dr.  Davis  has  shown  that  the  longitudinal 
segments  are  definitely  marked  off  by  sulci  in  the  myocardium,  so  that  one 
can  clearly  define  the  bulbar,  ventricular,  and  atrial  portions  at  these  early 
stages.  At  7  somites  the  bulbar  portion  becomes  subdivided  into  the  aortic 
bulb  and  cardiac  bulb. 

What  has  been  so  well  done  in  the  human  embryo  by  Dr.  Davis,  by  a  study 
of  serial  sections  and  models,  has  been  done  in  the  living  chick  embryo  by 
Mr.  P.  N.  Johnstone  by  direct  observation  in  the  warm  box.  In  addition  to 
making  observations  on  the  morphology  of  the  living  embryonic  heart,  Mr. 
Johnstone  has  studied  the  origin  of  the  first  pulsations.  He  finds  that  they 
first  appear  at  the  10-somite  stage,  in  the  primitive  ventricle.  Starting  at  a 
definite  spot  on  the  right  border  of  the  ventricle,  the  beating  area  spreads 
until  the  entire  ventricle  is  engaged  in  rhythmical  contractions.  It  is  some 
time  later  that  pulsations  begin  in  the  primitive  sinus  venosus.  Thus,  at  the 
outset  the  sinus  venosus  does  not  serve  as  a  " pacemaker"  for  the  ventricle. 
Mr.  Johnstone  further  confirmed  this  by  placing  a  ligature  between  them, 
which  did  not  alter  the  rhythm  of  the  ventricle.  Later,  however,  by  the 
fourth  day  of  development,  such  a  ligature  produces  heart  block,  showing 
that  the  role  of  pacemaker  or  rhythm  control  has  shifted  to  the  sinus  venosus. 

Mr.  Johnstone  devised  a  method  for  stimulating  these  minute  hearts 
electrically.  He  found  that  the  earliest  period  in  development  at  which  the 
chick's  heart  can  be  influenced  by  electrical  stimulation  is  the  middle  of  the 
third  day  of  incubation;  that  is,  long  after  the  atrium,  permanent  ventricle, 
and  bulbus  arteriosus  have  become  functionally  active.  However,  at  63 
hours'  incubation  stimulation  of  the  venous  end  of  the  heart  produced  an  accel- 
eration of  the  rate,  and  at  the  end  of  the  third  day  a  very  marked  increase  in 
the  rate  could  be  produced,  followed  by  a  compensating  pause  when  the  stimu- 
lation was  stopped.  Another  interesting  fact  is  that  when  the  atrium,  ven- 
tricle, and  bulbus  arteriosus  are  separated  by  ligature,  they  vary  in  the  time 
at  which  they  will  respond  to  stimulation ;  the  atrium  is  irritable  toward  the 
end  of  the  third  day,  the  ventricle  on  the  fourth  day,  and  the  bulbus  on  the 
fifth  day.  At  about  the  beginning  of  the  fifth  day  it  was  found  that  reversal 
of  the  sequence  of  contraction  of  the  chambers  of  the  heart  can  be  produced 
by  stimulating  the  ventricle  during  a  state  of  compensatory  pause,  and  the 
same  can  be  done  by  stimulating  the  bulbus  arteriosus.  It  is  of  significance 
that  the  time  at  which  the  phenomenon  of  reversal  can  be  produced  (latter 
part  of  the  fourth  and  first  part  of  the  fifth  day)  corresponds  to  the  time  at 
which  outgrowths  of  the  central  nervous  system  are  definitely  known  to  have 
entered  the  musculature  of  the  heart. 

STUDIES  ON  THE  DEVELOPMENT  OF  BLOOD-CELLS. 

A  distinct  advance  has  been  made  in  the  study  of  the  blood  during  the 
past  two  years  by  the  investigators  associated  with  this  laboratory.  This 
advance  was  made  possible  through  the  development  and  application  of  new 
techniques.  In  the  first  place,  Professor  F.  R.  Sabin  devised  an  improved 
method  of  staining  living  blood  smears,  which  was  referred  to  in  a  previous 
report  and  which  has  made  possible  a  reanalysis  of  the  types  and  character- 
istics of  blood-cells,  with  far-reaching  results  in  respect  to  the  interrelations  of 
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the  various  white  blood-cells  and  associated  body  tissues.  Another  tech- 
nique of  great  importance  is  that  of  Dr.  C.  A.  Doan  and  Dr.  R.  S.  Cunning- 
ham, coworkers  with  Dr.  Sabin,  who  have  found  that  by  restricting  the  food 
of  pigeons  the  bone-marrow  can  be  depleted  to  such  a  degree  that  there 
remain  but  three  types  of  cells — fat  cells,  endothelial  cells,  and  reticular  cells. 
By  appropriate  feeding  these  simplified  marrows  can  be  brought  back  to  the 
normal  state  and  the  changes  observed  as  the  cellular  content  is  gradually 
restored.  It  is  from  such  preparations  that  it  has  been  possible  to  demon- 
strate the  origin  of  the  red  blood-cells  and  also  to  follow  the  transition  of  the 
reticular  cell  into  the  primitive  white  blood-cell,  which  is  the  parent  cell  to  all 
white  blood-cells.  A  third  technique  that  has  been  fruitful  in  results  is  that 
applied  to  the  study  of  blood-cells  by  Professor  and  Mrs.  Lewis,  who,  by 
combining  vital  staining  with  blood  cultures  from  a  wide  range  of  animals, 
have  been  able  to  observe  the  behavior  of  the  white  blood-cells  and  the  modi- 
fications they  undergo  under  the  conditions  of  stagnant  blood. 

Origin  op  the  Red  Blood-Cell. 

In  a  previous  report  (1920)  reference  was  made  to  Dr.  Sabin's  studies  on 
the  living  blastoderm  of  the  chick,  in  which  she  was  able  to  observe  the  endo- 
thelium of  the  vessels  of  the  area  vasculosa  giving  origin  to  hemoglobin- 
bearing  cells,  thus  confirming  in  the  living  embryo  the  intravascular  origin  of 
the  red  cell  from  the  endothelium,  as  described  in  fixed  material  by  a  number 
of  investigators.  By  studying  the  bone-marrow  of  adult  pigeons,  Dr.  C.  A. 
Doan,  collaborating  with  Dr.  Sabin  and  Dr.  Cunningham,  has  been  able  to 
show  that  this  genetic  relationship  of  red  cells  to  endothelium  persists  through- 
out life  in  birds.  Owing  to  the  complexity  of  the  adult  marrow,  it  was  found 
necessary  to  deplete  it  by  underfeeding.  In  the  simplified  marrow  thus  pro- 
duced the  intersinusoidal  capillaries  could  be  clearly  seen,  as  slender  strands 
of  endothelium,  spanning  the  gaps  between  the  sinusoids.  By  feeding  the 
pigeons,  this  endothelium  could  be  readily  stimulated  to  produce  red  cells  and 
all  stages  in  the  transition  could  be  followed :  namely,  megaloblasts,  erythro- 
blasts,  normoblasts,  and  finally  the  mature  erythrocyte  or  definitive  red 
blood-cell,  each  stage  having  a  characteristic  content  of  mitochondria  and 
giving  a  characteristic  reaction  to  supravital  dyes.  By  depleting  rabbits' 
bone-marrow  through  repeated  doses  of  dead  typhoid  bacilli,  these  investi- 
gators were  able  to  demonstrate  the  presence  of  the  same  intersinusoidal 
capillaries  in  mammals  and  the  same  intravascular-endothelial  origin  of  red 
cells.  In  these  bone-marrow  preparations  they  were  able  to  recognize  the 
origin  of  white  blood-cells,  which  they  found  to  arise  from  the  reticular  cells 
in  the  spaces  between  the  vessels,  an  entirely  different  genealogy  from  that 
of  the  red  cell. 

Clasmatocytes  and  Monocytes. 

Before  referring  to  the  studies  of  Dr.  Sabin  and  her  associates  upon  the 
origin  and  fate  of  the  white  cells  of  the  blood,  mention  should  be  made  of  the 
important  matter  of  classification,  particularly  the  identification  of  two  types 
of  phagocytic  cells,  the  clasmatocytes  and  the  monocytes,  that  has  been  made 
by  them. 

They  have  been  able  to  examine  the  free  cells  of  the  living  spleen,  drawn 
out  by  a  capillary  pipette  while  the  circulation  through  the  organ  was  active. 
Films  of  this  material  were  made  and  stained  with  the  supravital  technique, 
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comparable  with  blood  films.  Material  from  peritoneal  exudates  and  from 
the  subcutaneous  tissues  and  the  liver  was  also  studied.  Under  these  various 
conditions  they  were  always  able  to  discriminate  between  two  distinct  types 
of  free  phagocytic  cells,  principally  by  their  behavior  toward  the  supravital 
technique,  but  also  by  their  phagocytic  capacity  and  their  motility.  These 
are  the  clasmatocytes  and  the  monocytes,  the  latter  a  term  introduced  by 
Naegeli.  The  first  of  these  has  the  greatest  power  of  phagocytosis  of  any  cell 
in  the  body,  while  the  latter  is  only  moderately  phagocytic.  The  most  char- 
acteristic difference  between  the  two  lies  in  the  fact  that  the  monocyte  has 
almost  invariably  a  definite  centrosphere,  about  which  neutral-red  granules 
are  arranged  in  a  rosette,  with  dye  inclosures  varying  from  small  aggregations 
adjacent  to  the  centrosphere  to  much  larger  ones  at  the  periphery.  Any 
phagocytized  cells  or  particles  of  debris  are  uniformly  stored  in  the  region 
of  these  larger  collections  of  neutral  red.  In  the  clasmatocytes,  on  the  other 
hand,  the  neutral-red  inclosures  are  distributed  indiscriminately  throughout 
the  cell  without  any  pattern  whatever.  The  first  material  ingested  by  the 
clasmatocyte  is  always  stored  near  the  nucleus,  but  gradually  the  entire 
cytoplasm  becomes  filled  with  cells  and  debris.  As  a  further  distinction  the 
clasmatocyte  contains  only  a  few  scattered  mitochondria  or  none  at  all,  while 
the  monocyte,  unless  it  be  in  a  stage  of  degeneration,  contains  many  mito- 
chondria, which  are  characteristically  arranged  about  the  rosette  of  neutral 
red  and  about  the  convex  surface  of  the  nucleus.  It  should  be  added  that 
these  observers  find  that  the  monocyte,  in  an  extreme  phase  of  phagocytosis, 
toward  the  time  of  its  death,  tends  to  approach  the  clasmatocyte  in  appear- 
ance, but  it  is  their  view  that  the  existence  of  a  long  period  of  morphological 
distinction  between  the  two  types  indicates  that  we  are  dealing  with  func- 
tionally different  cells.  The  clasmatocyte  they  regard  as  an  endothelial 
derivative,  a  wandering  endothelial  phagocyte,  related  to  the  well-known 
Kupffer  cell,  which,  according  to  their  belief,  is  an  anchored  endothelial  phag- 
ocyte. The  monocyte,  on  the  other  hand,  they  have  found  arises  from  the 
reticulum  in  common  with  the  other  white  blood-cells,  as  we  shall  presently 
see.  Under  monocyte  they  include  the  transitional  cell  of  the  blood,  in  the 
sense  of  Ehrlich,  and  the  large  mononuclear  forms  of  the  clinicians  and  path- 
ologists. 

Origin  op  White  Blood-Cells  in  the  Adult. 

When  the  evidence  was  obtained  that  red  blood-cells,  both  in  the  embryo 
and  the  adult,  arise  intravascularly  from  blood-vascular  endothelium,  it  was 
realized  that  a  great  stride  had  been  made  on  the  problem  of  the  origin  of 
blood-cells,  but  there  still  remained  the  mooted  question  as  to  the  parent  cell 
of  the  white  blood-cells.  The  technique  that  proved  of  most  value  toward 
solving  this  was  the  procedure  of  Doan  and  Cunningham,  namely,  that  of 
depleting  the  bone-marrow  and  studying  its  constituent  cells  during  con- 
trolled regeneration.  In  this  way  they  were  able  to  identify  with  vital  stains 
the  reticular  cell  and  substantiate  the  hypothecated  primitive  white  blood-cell 
which  is  developed  from  it,  and  to  trace  the  transitions  which  take  place 
between  this  primitive  cell  and  the  three  strains  of  white  blood-cells — the 
granulocytes,  the  lymphocytes,  and  the  monocytes. 

The  reticular  cell  of  the  adult  tissues  they  have  been  able  to  define  more 
completely  than  has  been  done  before,  on  the  basis  of  its  reactions  and  char- 
acteristics in  the  living  state.    They  demonstrated  that  in  the  spleen  there 
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is  a  sharp  differentiation  between  the  endothelial  cells  of  the  sinuses  and  the 
reticular  cells  of  the  pulp;  the  two  are  entirely  distinct,  and  thus  the  much-used 
term  reticulo-endothelium  becomes  obsolete.    They  identified  the  reticular 
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Diagram  by  Dr.  Cunningham,  presenting  the  concept  of  the  origin  of  the  white 
cells  of  the  blood  from  a  single  stem-cell.  The  neutral-red  granules  are  shown 
as  circles  and  the  mitochondria  as  black  dots  or  rods. 

cell  in  the  spleen,  lymph-gland,  and  bone-marrow  as  proliferating  and  giving 
rise  to  the  primitive  cell  and  found  some  evidence  that  this  also  takes  place 
in  connective  tissues  of  the  lung,  liver,  and  omentum.  Apparently  in  all 
connective  tissues  there  are  these  primitive  undifferentiated  reticular  cells  in 
addition  to  the  fibroblasts  and  clasmatocytes. 
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In  tracing  the  primitive  cell  derived  from  the  embryonic  reticular  cell,  their 
evidence  of  its  fate  was  obtained  by  experiments  in  which  an  overwhelming 
development  from  it  of  any  one  of  the  three  main  cell  types  could  be  obtained. 
In  regenerating  bone-marrows  the  primitive  cell  can  be  followed  in  its  trans- 
formation into  myeloblasts  and  its  final  maturation,  through  the  myeloid 
series,  into  the  polymorphonuclear  leucocyte.  This  is  supplemented  by 
nature's  experiment  in  myeloid  leukemia,  where  myeloblasts  can  be  seen 
maturing  into  myelocytes,  practically  uncomplicated  by  the  presence  of  other 
cells.  In  the  spleens  of  certain  animals  and  in  the  omentum,  when  irritated 
by  intraperitoneal  injections,  the  primitive  cells  form  only  monocytes.  In 
lymph  glands,  however,  the  primitive  cell  can  be  found  developing  into  pure 
cultures  of  lymphocytes.  Thus  the  primitive  cell  constitutes  a  common  pro- 
genitor for  the  three  types  of  white  blood-cells,  which  exhibit  different  levels 
of  differentiation,  as  indicated  in  Dr.  Cunningham's  diagram,  which  is  here- 
with reproduced  (text-figure).  With  the  white  blood-cells  arising  from  a 
single  stem-cell  derived  from  the  reticular  cell,  and  the  red  cells  and  clas- 
matocytes  arising  from  the  blood-vascular  endothelium,  these  observations 
would  indicate,  when  stated  in  the  briefest  terms,  that  blood-cells  are  derived 
from  two  entirely  different  fixed-tissue  cells,  both  of  which  are  distributed 
widely  throughout  the  organism — the  endothelial  cell  and  the  reticular  cell. 

Rhythm  of  White  Cells. 

It  has  long  been  known  that  the  number  of  white  blood-cells  in  the  circu- 
lating blood  varies  in  different  individuals,  under  apparently  normal  condi- 
tions, from  5,000  to  10,000  per  cubic  millimeter.  It  occurred  to  Dr.  Sabin 
that  there  might  also  be  some  variation  in  the  same  individual.  To  deter- 
mine this  point  she,  with  the  assistance  of  her  coworkers,  made  a  differential 
count  of  the  white  cells  in  the  same  volunteer  every  15  minutes  for  a  whole 
day,  which  strenuous  experiment  was  repeated  with  several  individuals. 
It  was  found  in  this  way  that,  with  certain  minor  exceptions,  the  number  of 
white  blood-cells  increased  and  decreased  from  hour  to  hour  in  a  more  or  less 
regular  rhythm,  the  greatest  and  most  constant  increase  being  during  the 
latter  part  of  the  afternoon.  To  understand  this  rhythm  it  will  be  necessary 
to  determine  the  factors  that  control  the  maturation  and  death  of  these  cells. 
This  in  turn  may  be  expected  to  lead  to  the  intelligent  treatment  of  those 
serious  and  little  understood  diseases  of  the  blood,  the  leucemias  and  primary 
anemias. 

Increase  in  Monocytes. 

In  making  differential  counts  of  the  white  blood-cells  of  rabbits  and 
guinea-pigs  inoculated  with  tuberculosis,  the  important  observation  was 
made  by  Dr.  Cunningham  that  the  relative  proportion  of  monocytes  and 
lymphocytes  circulating  in  the  blood  varied  in  accordance  with  the  progress 
of  the  experimentally  induced  disease.  When  the  monocytes  outnumbered 
the  lymphocytes,  an  active,  widespread  tuberculosis  was  invariably  found. 
On  the  other  hand,  when  the  lymphocytes  outnumbered  the  monocytes, 
post-mortem  examination  of  the  tissues  of  the  animal  showed  that  it  was 
recovering  from  the  infection.  It  would  appear  that  with  this  method  one 
might  determine  the  extent  of  the  infection  in  human  tuberculosis  and,  on 
the  basis  of  a  preponderance  of  either  monocytes  or  lymphocytes,  forecast 
the  prospect  of  recovery.     Because  of  the  importance  of  his  work  in  its 
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clinical  application  to  the  problems  of  tuberculosis,  Dr.  Cunningham  has 
been  aided  by  a  grant  from  the  Medical  Research  Committee  of  the  National 
Tuberculosis  Association,  and  in  this  way,  under  the  foresighted  policy  of  its 
chairman,  Dr.  W.  C.  White,  an  intimate  cooperation  has  been  effected, 
bringing  the  fundamental  studies  of  anatomy  and  embryology  into  service, 
along  with  physiology  and  chemistry,  toward  a  solution  of  the  nature  of  this 
serious  disease.  Dr.  Cunningham  will  continue  this  work  at  Vanderbilt 
University,  where  he  has  accepted  an  appointment  as  professor  of  anatomy. 

Maturation  of  Myeloblasts  in  Letjcemia. 

The  introduction  of  Dr.  Sabin's  supravital  technique,  by  which  differential 
studies  of  the  living  blood-cells  can  be  made,  rendered  it  desirable  to  restudy 
the  blood  in  leucemia  for  the  purpose  of  better  establishing  the  morphology 
of  the  blood-forming  organs  in  health  and  disease  and  the  mechanism  of 
normal  and  abnormal  regulation  of  the  proportion  of  the  different  types  of 
cells  in  the  circulating  blood.  During  the  past  two  years  Dr.  Sabin  and  her 
colleagues  have  studied  the  blood  in  several  cases  of  leucemia,  a  disease  char- 
acterized by  a  great  increase  in  the  number  of  white  cells  in  the  circulating 
blood,  many  of  them  being  types  not  normally  found  there.  The  first  step 
was  to  identify  the  myeloblast.  They  found  that  with  the  supravital  tech- 
nique this  could  be  distinguished  from  the  primitive  white  blood-cell,  the 
forerunner  of  all  three  types  of  white  blood-corpuscles,  by  the  development 
of  many  small  mitochondria  in  its  cytoplasm.  The  primitive  white  blood-cell 
is  not  present  in  leucemic  blood  but  can  be  produced  experimentally  by  the 
depletion  of  bone-marrow.  By  following  the  increase  in  number  and  de- 
crease in  size  of  the  mitochondria,  it  was  possible  to  trace  the  origin  of  the 
myeloblast  from  the  primitive  white  blood-cell.  On  the  other  hand,  the 
maturation  of  the  myeloblast,  through  the  stages  of  the  myelocyte  into 
the  mature  leucocyte,  could  be  followed  and  correlated  with  a  decrease  in 
the  number  of  mitochondria.  These  investigators  reached  the  conclusion  that 
the  large  mitochondrial  content  of  the  myeloblast  is  a  condition  which  pre- 
cedes the  differentiation  of  neutrophilic  granules  of  the  more  mature  cells. 
In  the  maturation  of  the  myeloblast  into  the  myelocyte  three  phases  were 
discriminated,  which  were  also  correlated  with  three  types  of  oxidase  reaction. 
It  may  prove  of  importance  to  know  just  how  primitive  the  myelocytes  of  a 
given  circulating  blood  are  and,  for  determining  this,  the  phases  of  differ- 
entiation may  be  significant. 

In  one  of  the  cases  studied  there  was  a  marked  amount  of  abnormal  ami- 
tosis,  suggesting  the  unregulated  cell  division  of  neoplasms.  Among  these 
amitotic  phenomena  were  uneven  divisions  of  the  nuclei,  delay  in  cell  division 
following  nuclear  division,  abortive  attempts  at  nuclear  division  (in  many 
cases  either  the  nuclei  divided  and  reunited  or  different  planes  of  division 
were  tried  and  abandoned),  and  the  occurrence  of  atypical  chromosomes. 
It  would  seem  that  leucemia  might  be  considered  as  an  unregulated  growth  of 
cells,  just  as  is  found  in  tumors  involving  the  more  stable  tissues.  In  regard 
to  motility,  myeloblasts  and  myelocytes  show  no  ameboid  movements. 
It  is  not  until  they  become  mature  leucocytes  that  active  streaming  of  their 
cytoplasm  occurs. 

It  was  observed  that  transfusion  of  blood  from  another  individual  produced 
in  the  leucemic  patients  a  rapid  maturation  of  myeloblasts  into  myelocytes,  an 
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increase  of  the  oxidase  reaction,  and  an  increase  in  amitosis.  To  explain  this 
important  fact  we  need  to  know  more  regarding  the  forces  that  produce  the 
maturation  of  blood-cells  and  the  stimuli  that  bring  them  into  the  circulation. 

Transformation  op  White  Blood-Cells  in  Incubated  Blood. 

In  the  studies  thus  far  referred  to,  the  conditions  under  which  the  blood- 
cells  were  examined  did  not  permit  of  prolonged  observations  on  any  given 
specimen.  It  remained  for  a  satisfactory  method  of  maintaining  the  blood- 
cells  in  the  form  of  a  culture  to  reveal  the  extent  and  character  of  their  possible 
transformation.  A  technique  by  which  this  could  be  done  has  been  found  by 
Professor  W.  H.  Lewis  and  Mrs.  M.  R.  Lewis,  which  consists  of  making 
hanging-drop  preparations  of  droplets  of  blood,  taken  under  aseptic  condi- 
tions from  the  heart  or  peripheral  circulation  and  maintained  at  suitable 
temperatures.  With  this  method  they  studied  human  and  a  wide  variety  of 
other  mammalian  blood,  and  also  avian,  reptilian,  amphibian,  and  fish  blood. 
They  found  that  in  all  these  forms  the  white  cells  normally  present  in  the 
circulating  blood  can  undergo  transformation  into  typical  clasmatocytes, 
epithelioid  cells,  and  giant  cells.  They  thus  proved  at  one  stroke  that  these 
highly  phagocytic  types  can  arise  in  the  complete  absence  of  endothelium 
and  connective  tissue,  and  it  will  be  necessary  to  bring  into  harmony  with 
this  fact  the  conception  of  an  exclusive  endothelial  origin  of  the  clasmatocyte, 
as  accepted  by  Sabin,  Doan,  and  Cunningham.  On  the  one  hand,  Dr.  and 
Mrs.  Lewis  found  in  their  cultures,  after  a  few  days,  all  the  intermediate 
stages  between  mononuclear  cells  and  clasmatocytes  and,  on  the  other,  the 
intermediate  stages  between  clasmatocytes  and  typical  epithelioid  cells. 
They  therefore  conclude  that  these  cells,  which  differ  so  widely  in  appear- 
ance, are  merely  different  stages  or  functional  states  of  the  same  cell.  In 
the  same  way  the  giant  cells,  which  are  present  in  some  of  the  cultures,  are 
really  of  the  same  character  as  epithelioid  cells,  not  arising  by  fusion  but  by 
division  of  nuclei  without  division  of  the  cytoplasm. 

These  investigators  point  out  that  the  stagnant  conditions  of  the  hanging- 
drop  cultures  are  somewhat  like  those  occurring  in  the  spleen  and  may 
account  for  the  active  formation  of  clasmatocytes  which  normally  takes 
place  in  that  organ.  Since  blood-cells  that  wander  out  into  the  tissue  spaces 
encounter  analogous  conditions,  it  is  thus  understandable  that  they  should 
change  into  clasmatocytes  or,  under  certain  conditions,  into  epithelioid  cells 
and  giant  cells. 

The  Epithelioid  Cell  op  Tuberculosis. 

The  body-cells  that  appear  to  take  the  most  active  part  in  the  healing 
of  a  tuberculous  lesion  are  known  as  epithelioid  cells.  The  importance  of 
determining  the  source  and  manner  of  formation  of  these  essential  cells  of 
the  tubercles  is  obvious.  In  a  specimen  of  rabbit's  liver,  showing  active 
tuberculosis,  Dr.  Sabin  and  Dr.  Cunningham  observed  clumps  of  young 
monocytes  which  were  touching,  on  the  one  hand,  the  primitive  cells,  from 
which  they  appeared  to  be  arising,  and,  on  the  other,  the  more  mature  mono- 
cytes, the  characteristic  epithelial  cells  of  the  tubercle,  seeming  thus  to  repre- 
sent a  direct  transition  in  situ.  More  conclusive  evidence  on  this  point 
was  provided  by  the  blood  cultures  of  Dr.  and  Mrs.  Lewis,  referred  to  above. 
They  found  that  a  cell  similar  to  the  epithelioid  cell  makes  its  appearance  in 
cultures  where  there  is  no  endothelium  or  connective  tissue  present,  proving 
that  it  must  come  from  the  white  blood-cells  normally  circulating  in  the  blood. 
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Whether  the  epithelioid  cell  in  such  cultures  is  the  same  as  that  in  tubercu- 
lous lungs  has  been  since  investigated  by  them,  in  conjunction  with  Dr. 
Willis.  They  were  able  to  show  that  the  living  epithelioid  cell  of  blood  cul- 
tures is  identical  in  appearance  with  the  living  cell  present  in  the  tubercles  of 
fresh  spreads  of  tuberculous  lungs  of  rabbits,  and  were  further  able  to  identify 
it  with  the  epithelioid  cells  in  stained  sections  of  the  same  material.  Cultures 
were  made  of  tuberculous  lungs  in  autoplasma  and  a  growth  of  epithelioid 
cells  was  obtained,  which,  in  form  and  staining  reactions,  corresponded  to 
the  cells  seen  in  spreads  of  tuberculous  lungs.  Finally,  cultures  were  made 
of  normal  rabbits'  blood  and,  although  the  transformations  were  not  so  marked 
as  had  been  obtained  by  Dr.  and  Mrs.  Lewis  in  lower  forms,  they  clearly 
showed  that  epithelioid  cells  arise  directly  from  the  white  blood-cells.  They 
arise,  for  the  greater  part,  through  transformation  from  the  large  mononuclear 
cells  (monocytes),  and  perhaps  exclusively.  Certainly  there  was  no  indica- 
tion that  granulocytes  took  any  part  in  their  formation.  These  observations 
constitute  an  important  advance  toward  the  solution  of  the  pathology  of 
this  destructive  disease. 

PHAGOCYTOSIS. 

In  previous  years  a  number  of  investigations  have  been  made  in  this  labor- 
atory upon  the  manner  in  which  cells  ingest  foreign  substances  and  the  differ- 
ences exhibited  by  the  various  cells  in  their  capacity  for  the  performance  of 
this  phenomenon.  I  refer  to  the  studies  of  Dr.  and  Mrs.  Lewis,  Dr.  D.  T. 
Smith,  and  Dr.  Wislocki.  During  the  past  year  these  studies  have  been 
continued  and  extended  to  include  the  origin  of  one  of  the  common  types  of 
phagocytic  cell. 

Origin  of  Phagocytic  Cells. 

In  order  to  determine  the  origin  of  the  wandering  phagocytic  cells  which 
appear  in  the  lung  immediately  following  the  introduction  of  carbon  into  the 
blood-stream,  Mrs.  M.  R.  Lewis  resorted  to  the  amphibian  and  reptile  lung, 
which  can  be  distended  outside  of  the  body  and  the  phenomenon  of  ingestion 
directly  observed  in  vivo,  through  the  transparent  lung  wall  under  the  micro- 
scope. In  this  manner  she  was  able  to  establish  the  fact  that  the  phagocytic 
cells  appearing  in  the  lung  of  the  frog  immediately  following  the  introduction 
of  carbon  particles  into  the  blood-stream  originate  from  leucocytes  of  the  circu- 
lating blood,  and  not  from  the  endothelium  in  situ,  nor  as  showers  of  macro- 
phages from  the  spleen  and  liver,  as  had  been  believed  by  many  investigators. 
The  spleen  and  liver  were  ruled  out  by  the  experiment  of  separating  them  by 
ligature,  which  did  not  result  in  a  lesser  number  of  phagocytic  cells.  Further- 
more, phagocytic  cells  originating  in  the  spleen  or  liver  can  be  recognized 
by  the  ingested  material  they  contain  before  reaching  the  lung. 

The  lung  of  the  frog  is  very  favorable  for  these  observations,  owing  to  the 
fact  that  it  is  not  complicated  by  the  presence  of  pre-existing  clasmatocytes, 
as  occurs  in  birds  and  mammals.  The  phagocytic  cells  in  the  lung  of  the 
rabbit,  however,  very  closely  resemble  those  seen  in  the  living  frog,  and  it  is 
probable  that  they  have  the  same  origin. 

The  Kupffer  Cell. 

Mrs.  Lewis  has  found  that,  if  a  small  piece  of  liver  containing  Kupffer  cells 
is  teased  in  a  hanging  drop  of  blood  taken  from  the  same  animal,  the  Kupffer 
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cells  and  the  monocytes  of  the  blood  undergo  transformations  that  render 
them,  after  two  or  three  days,  identical  in  appearance.  This  is  brought 
about  by  the  Kupffer  cell  losing  part  of  its  foreign  material  and  the  monocytes 
undergoing  hypertrophy  and  taking  in  foreign  material.  Owing  to  its  im- 
portance, a  preliminary  account  of  this  observation  has  been  published. 
It  would  appear  that  the  Kupffer  cell  may  be  closely  related  genetically  to 
the  phagocytic  cells  of  the  lung,  described  in  the  preceding  paragraph,  and 
may  have  a  similar  origin  from  the  white  blood-cells,  instead  of  being  endo- 
thelial, as  heretofore  supposed. 

Cell  Inclusions  and  the  so-called  "Segregation  Apparatus." 

Another  phase  of  phagocytosis  has  been  investigated  by  Dr.  Lewis,  who 
studied  the  fate  of  dyes  and  other  materials  ingested  by  tissue  cultures  of  the 
various  body-cells.  A  preliminary  account  of  his  results  has  been  given.  He 
finds  that  the  cells  do  not  possess  such  a  thing  as  a  "segregation  apparatus." 
Ingested  materials  are  never  taken  into  pre-existing  vacuoles,  but  directly 
into  the  cytoplasm  and,  after  ingestion,  particles  of  various  sizes  become  more 
or  less  clumped  through  the  action  of  cytoplasmic  currents.  Vacuoles  may 
later  develop  about  the  ingested  material,  but,  on  the  other  hand,  digestion 
may  take  place  without  their  formation.  There  are  also  the  vacuoles  and 
granules  which  arise  from  injury  and  breaking  down  of  the  cytoplasm,  the 
degeneration  vacuoles  described  in  a  previous  report.  When  vital  dyes  are 
applied  to  these  cultures,  Dr.  Lewis  finds  that  they  stain  only  the  cell  inclu- 
sions and  not  the  living  protoplasm  itself.  If  a  cell  has  no  inclusions,  it  does 
not  stain.  Some  dyes  may  be  precipitated  or  clotted  outside  the  cell  and 
then  ingested  as  fine  granules  that  later  may  become  clumped  within  the  cell, 
like  other  types  of  ingested  material. 

Two  Types  of  Pigment  Cells  in  Melanotic  Tumors. 

Dr.  D.  T.  Smith  has  brought  out  in  finished  form  his  studies  on  the  pigment 
cells  of  melanotic  tumors.  I  have  previously  described  his  criteria  for  dis- 
tinguishing between  pigment  producing  and  pigment  carrying  cells.  By 
studying  the  development  of  pigment  cells  in  the  embryo,  their  cytology  and 
behavior  in  tissue  cultures,  and  their  histology  in  benign  and  malignant 
tumors,  he  has  been  able  to  show  that  there  are  two  distinct  types  of  cells 
capable  of  producing  melanin  pigment  and  of  giving  rise  to  melanotic  tumors. 
These  two  types  arise  in  the  embryo  independently  and  in  different  stages  of 
development.  One  of  these,  the  epithelial  type,  is  found  in  the  basal  layer 
of  the  epithelial  coat  of  the  skin,  hair  follicles,  retina,  and  certain  regions  of 
the  brain.  The  other,  the  connective-tissue  type,  is  found  in  the  choroid  coat 
of  the  eye,  iris,  ciliary  body,  and  the  mongolian  spot,  when  that  is  present. 
Occasionally,  the  connective-tissue  type  may  arise  in  the  skin,  envelopes  of 
the  brain,  about  the  adrenal  gland,  and  in  dermoids. 

NERVOUS  SYSTEM. 

In  studying  the  development  of  the  different  organs  of  the  embryo,  it  has 
been  found  important  to  take  into  consideration  the  functional  activity  that 
is  coincident  with  their  morphological  changes.  This  applies  particularly 
to  the  central  nervous  system.  As  rapidly  as  occasion  offers,  such  studies 
are  being  made  on  living  human  embryos.  During  the  past  winter  a  complete 
study  was  made  of  the  surface  reflexes  of  a  14  weeks'  fetus  obtained  at  opera- 
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tion;  this  is  to  be  followed  by  a  histological  study  of  the  structures  themselves. 
This  program  can  be  hastened  by  utilizing  primate  and  other  mammalian 
material.  It  is  on  the  studies  of  the  early  physiology  of  the  central  nervous 
system,  such  as  are  now  being  made  by  Dr.  Weed  and  Dr.  Langworthy,  that 
the  fundamental  analysis  of  behavior  must  rest.  Several  studies  of  this 
character  are  in  course  of  publication  and  will  be  described  in  my  next  report. 
The  study  of  Dr.  Langworthy,  on  young  decerebrate  rabbits  and  guinea-pigs, 
has  already  appeared. 

Reflexes  in  Young  Decerebrated  Animals. 

In  a  previous  report  reference  was  made  to  the  experiments  of  Professor 
L.  H.  Weed,  in  which  he  showed  that  kittens,  decerebrated  soon  after  birth, 
instead  of  developing  a  rigidity  of  the  extensor  muscles,  as  occurs  in  older 
animals,  exhibit  active  limb  reflexes  with  a  tendency  toward  prolonged  pro- 
gressive movements.  He  found  that  in  slightly  older  animals  this  phe- 
nomenon disappears  and  is  replaced  by  a  general  extensor  rigidity.  After 
confirming  these  experiments  on  a  new  series  of  kittens,  Dr.  O.  R.  Langworthy 
extended  them  to  two  other  types  of  animals,  in  one  of  which,  the  rabbit,  the 
young  are  born  in  a  very  immature  condition,  while  in  the  other,  the  guinea- 
pig,  the  young  are  born  relatively  late,  at  a  time  when  they  are  almost  able 
to  cope  independently  with  their  environment. 

Twenty-two  young  rabbits,  varying  in  age  from  fetuses  70  mm.  in  length 
to  specimens  34  days  old,  were  decerebrated  and  their  reflexes  studied.  The 
fetuses  showed  vigorous  spontaneous  progressive  movements,  which  it  is 
interesting  to  note  were  of  an  alternating  rhythm  rather  than  of  the  hopping 
type  of  rabbit  progression  characteristic  of  the  other  specimens  in  this  series. 
The  specimens  from  birth  to  10  days  of  age  showed,  for  the  most  part,  move- 
ments of  the  hopping  type,  and  their  activity  was  more  intense  and  prolonged 
than  that  observed  in  kittens.  None  of  the  animals  under  10  days  old  showed 
any  extensor  rigidity.  This  began  to  appear  after  the  tenth  day  and  by  the 
twentieth  day  it  was  well  developed  in  both  forelegs  and  hindlegs. 

Seventeen  young  guinea-pigs  were  decerebrated,  4  of  which  were  less  than 
1  day  old  and  the  remainder  less  than  10  days.  In  these  animals,  which  at 
birth  can  stand  on  their  legs  and  run  almost  as  well  as  adults,  no  prolonged 
progressive  movements  could  be  induced.  In  some  of  them,  on  vigorous 
stimulation,  a  progression  of  short  duration  could  be  obtained.  On  the 
other  hand,  there  was  an  early  development  of  extensor  rigidity.  Almost 
all  of  them  showed  it  in  the  forelegs  and  the  majority  also  in  the  hindlegs. 

Dr.  Langworthy's  experiments  show  that  decerebrate  rigidity  develops  at 
about  the  time  an  animal  is  able  to  stand.  Other  reflexes,  such  as  the  scratch- 
ing and  sucking  reflexes  and  the  response  to  stimulation  of  the  foot  pads  and 
tail,  were  studied  by  him  and  recorded  in  his  published  account.  He  found 
that  if  the  spinal  cord  is  cut  transversely  in  the  thoracic  region  in  young 
decerebrate  rabbits,  flexion  of  the  hindlegs  is  soon  followed  by  a  number  of 
rhythmic  beats,  the  legs  finally  coming  to  rest  in  a  position  of  extreme  exten- 
sion— the  phenomenon  described  by  Graham  Brown  in  adults. 

Autonomic  Innervation  of  Tongue  Musculature. 

In  studying  the  innervation  of  the  tongue,  Dr.  Langworthy  has  found, 
modifying  the  Vulpian  experiment,  that  strong  stimulation  of  the  lingual 
nerves,  after  both  hypoglossal  nerves  have  been  cut  and  allowed  to  degenerate, 
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produces  contraction  of  the  tongue  musculature  of  a  type  characteristic  of 
autonomic  nerve  stimulation.  Apparently,  this  is  accomplished  through  the 
accessory  motor  endings,  whose  fibers  are  seen  in  the  lingual  nerve.  The 
experiment  is  of  particular  interest,  as  it  may  prove  to  be  an  instance  of 
stimulation  of  autonomic  nerve  fibers  innervating  skeletal  musculature. 
Dr.  Langworthy's  experiments  have  been  directed  toward  the  tongue  region 
for  the  reason  that  here  there  are  four  overlapping  nerves,  quite  different 
in  function,  whose  fibers  can  be  more  or  less  isolated  and  subjected  to  experi- 
mental analysis.  These  are  the  fifth,  seventh,  ninth,  and  twelfth  cranial 
nerves,  and  their  fibers  perform  such  widely  different  functions  as  general 
cutaneous,  gustatory,  and  proprioceptive  sensations,  with  motor  fibers  sup- 
plying the  intrinsic  musculature  and  the  blood-vessels.  The  neuro-physio- 
logical  principles  that  prevail  here  are  undoubtedly  applicable  to  the  entire 
peripheral  nervous  system. 

Meningeal  Relations  of  the  Hypophysis. 

The  studies  on  the  brain  membranes,  made  by  Dr.  W.  Hughson,  in  conjunc- 
tion with  Dr.  Weed,  have  been  extended  to  the  detailed  anatomy  of  the  menin- 
geal investments  of  the  hypophysis  in  the  embryo  and  adult.  He  has  been 
able  to  show  that  the  hypophysis  is  completely  surrounded  by  an  arachnoid 
membrane  and  pia  continuous  with  those  of  the  brain.  He  has  further  shown, 
by  means  of  injection  under  increased  and  reduced  pressures  of  the  cerebro- 
spinal fluid,  that  the  leptomeningeal  space  of  this  region  is  continuous  with 
the  cranial  subarachnoid  space.  It  is  the  disappearance  of  the  stalk  of 
Rathke's  pouch,  before  the  brain  has  become  completely  surrounded  by  its 
meningeal  coverings,  that  makes  this  investment  possible. 

MUSCLES. 
Rhythmic  Contractions  op  the  Bronchial  Musculature. 

While  studying  the  growth  of  the  lung  of  the  chick  embryo  in  tissue  cul- 
tures, it  was  found  by  Mrs.  M.  R.  Lewis  that  the  muscles  of  the  respiratory 
tubes  undergo  spontaneous  rhythmical  contraction.  It  can  be  seen  first  in 
embryos  of  the  ninth  day  and  from  then  to  the  sixteenth  or  eighteenth  day. 
The  phenomenon  is  more  regular  and  more  pronounced  after  the  pieces  of 
lung  have  been  in  the  cultures  for  24  hours.  The  rate  of  contraction  is  largely 
controlled  by  temperature.  A  tubule  beating  once  every  30  seconds  at  38°  C. 
might  beat  once  every  10  or  15  seconds  at  40°  C.  Different  tubules  beat  at 
different  rates  at  the  same  temperature.  The  bronchial  tubes  continue  to 
exhibit  this  rhythmical  contraction  in  tissue  cultures  for  many  days.  In  a 
culture  from  the  lung  of  a  10-day  chick  a  bronchiole  was  observed  by  Mrs. 
Lewis  to  contract  at  about  the  same  rate  for  ten  days. 

In  the  younger  embryos  (9  to  11  days)  the  bronchial  tubes  are  straight, 
with  thin  walls  and  large  lumina.  They  are  encircled  here  and  there  by  single- 
layered  bands  of  smooth  muscle  just  outside  of  the  epithelium.  There  are  also 
a  few  longitudinal  fibers.  When  these  circular  and  longitudinal  fibers  con- 
tract, the  lumen  of  the  tube  is  narrowed  and  slightly  shortened.  Sometimes 
the  contraction  closes  the  tube  throughout  its  whole  length,  or  it  may  pass 
down  as  a  wave,  or  the  different  bundles  may  contract  irregularly  in  a  disor- 
ganized manner.  After  11  days  the  bronchial  tubes  acquire  diverticula,  and 
these  also  are  wrapped  about  with  smooth  muscle.     These  muscle  fibers  of  the 
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diverticula  are  continually  contracting  and  relaxing,  which  produces  a 
writhing  of  the  tube,  accompanied  by  the  less  frequent  closing  and  opening  of 
the  tube  as  a  whole.  These  contractions  move  the  blood  back  and  forth  in 
the  blood  spaces  along  the  bronchial  tubes,  and  when  they  contain  loose  cells 
or  debris  this  material  is  driven  back  and  forth  with  each  contraction  and 
relaxation.  Where  there  are  cut  ends,  fluid  and  debris  are  discharged  with 
each  contraction  and  aspirated  with  each  relaxation. 

To  what  extent  this  phenomenon  occurs  in  the  living  mature  animal  remains 
to  be  found  out,  as  also  its  purpose.  There  is  some  evidence  that  rhythmical 
contraction  of  the  bronchioles  occurs  in  adult  man  and  it  may  be  of  great 
importance  in  the  functioning  of  the  lung.  On  this  account  the  observa- 
tions of  Mrs.  Lewis  are  of  significance  to  the  clinician.  Furthermore,  they 
add  another  phase  to  the  behavior  of  smooth  muscle,  which  has  been  so 
actively  studied  in  this  laboratory  in  connection  with  the  studies  of  the 
fallopian  tubes  and  uterus. 

Facial  Musculature. 

For  several  years  Dr.  E.  Huber  has  applied  himself  to  a  series  of  investiga- 
tions on  the  phylogeny  and  embryology  of  the  facial  musculature.  Working 
on  the  principle  that  motor  innervation  is  a  guide  to  muscle  homologies,  he 
was  able  to  show  that  mandibulo-auricular  muscle  is  supplied  exclusively 
through  the  facial  nerve  and  therefore  is  an  offshoot  of  the  post-auricular 
facial  musculature,  which  is  derived  from  the  neck  portion  of  the  platysma. 
After  making  extensive  comparative  anatomical  investigations  on  other 
mammals,  he  has  extended  his  studies  to  primates  and  has  traced  the  origin 
of  the  mimetic  musculature  to  the  primitive  sphincter  colli,  originally  a 
respiratory  muscle.  The  latter  gives  origin  to  the  platysma,  from  which  the 
retro-auricular  musculature  and  the  quadratus  labii  inferioris  are  derived, 
and  to  the  sphincter  colli  profundus,  from  which  the  rest  of  the  mimetic 
muscles  come.  Certain  mammals  have  also  a  sphincter  colli  superficialis. 
All  of  these  are  supplied  by  branches  of  the  facial  nerve.  Dr.  Huber  has 
confirmed  his  morphological  observations  through  experiments.  In  col- 
laboration with  Dr.  Hughson,  he  has  shown  in  dogs  and  cats  that  the  facial 
musculature  can  be  stimulated  only  through  branches  of  the  facial  nerve. 
Through  the  motor  roots  of  the  cervical  nerves  no  response  could  be  elicited. 
On  the  other  hand,  division  of  the  main  trunks  of  the  facial  nerve  resulted  in 
loss  of  function  of  the  corresponding  muscles  and,  after  the  course  of  a  few 
months,  macroscopic  and  microscopic  evidence  of  muscular  degeneration. 
Thus,  in  dog  and  cat,  he  has  provided  complete  physiological  proof  of  the 
unit  character  of  the  facial  musculature  and  of  its  sole  innervation  by  the 
facial  nerve. 

Panniculus  Carnosus. 

This  structure  consists  of  a  thin  muscular  sheet  lying  just  beneath  the  skin 
and  is  found  only  in  mammals.  It  varies  in  extent  but  usually  spreads  over 
the  thorax  and  abdomen  and  sometimes  over  the  proximal  portion  of  the 
hindlegs.  A  study  of  this  interesting  structure,  as  found  in  dogs  and  cats, 
was  made  by  Dr.  0.  R.  Langworthy,  as  referred  to  in  my  last  report.  He 
found  that  it  is  derived  from  the  pectoral  muscles.  During  the  past  year 
he  has  studied  this  same  muscle  system  in  a  group  of  four  rodents — rabbit, 
rat,  guinea-pig,  and  porcupine. 
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ALIMENTARY  TRACT. 
Development  of  Teeth. 

In  the  course  of  the  past  few  years  there  have  been  brought  to  our  labora- 
tory several  fetuses,  at  or  near  term,  exhibiting  what  were  supposed  by  the 
respective  attending  physicians  to  be  erupted  teeth.  In  all  of  them  we  found, 
on  more  careful  examination,  that  what  appeared  to  be  teeth  was  an  effect 
due  to  transverse  segmentation  of  the  gum  ridges.  The  resemblance  to  teeth 
was  still  further  heightened  by  the  fact  that  the  tissue  of  the  ridges  was 
blanched,  whereas  the  adjacent  membrane  and  frenulum  were  deeply  con- 
gested. This  raises  the  question  as  to  the  authenticity  of  cases  reported  in 
the  literature.  One  might  expect  examples  of  monstrous  development  in 
which  actual  teeth,  developed  disproportionately  to  the  surrounding  struc- 
tures, were  protruding  from  the  gum.  On  the  other  hand,  it  becomes  a 
question  of  wider  bearing  whether  such  disproportion  in  growth  is  compatible 
with  a  general  development  that  is  otherwise  normal. 

This  whole  matter  of  the  normal  development  of  the  gums  has  been  studied 
by  Dr.  Cecil  M.  West,  a  guest  in  our  laboratory  from  Trinity  College,  Dublin. 
He  finds  that  the  gum  ridges  are  always  segmented  and  that  they  are  seg- 
mented directly  in  relation  to  the  tooth-sacs.  He  shows  by  their  structure 
that  these  segmented  gums  are  not  merely  inert  masses  of  tissue  through 
which  the  teeth  must  perforce  pass  on  their  way  to  the  surface,  but  that  they 
bear  an  intimate  relation  to  the  teeth,  in  the  growth  and  eruption  of  which 
they  take  an  active  part,  and  without  which  they  would  have  no  cause  for 
existence.  In  other  words,  there  is  no  reason  any  longer  to  interpret  the 
gum  ridge  as  a  biting  or  grasping  ridge,  serving  temporarily  in  place  of  teeth. 

In  making  his  investigations,  Dr.  West  studied  human  embryos  and  fetuses 
from  the  seventh  to  the  fortieth  week,  the  smaller  ones  in  serial  sections,  the 
larger  by  dissection  and  examination  under  low  magnification  with  a  bi- 
nocular microscope.  From  this  material  he  was  enabled  to  prepare  a  com- 
plete account  of  the  structure  of  the  gums  from  their  first  appearance  up  to 
the  time  the  teeth  begin  to  erupt.  He  finds  that  the  segments  of  the  gum 
correspond  in  number  to  the  deciduous  teeth,  each  segment  being  associated 
with  its  own  particular  tooth-bud  and  its  own  particular  tooth-sac,  for  whose 
development  it  is  set  apart.  It  is  prior  to  the  eruption  of  the  teeth  that 
the  function  of  the  gum  is  most  active;  after  that  event  the  gum  shrinks 
considerably,  and  the  blood  supply  to  the  tooth  is  maintained  principally 
through  the  vessels  passing  to  the  tooth  pulp. 

The  splendid  series  of  dissections  made  by  Dr.  West  reveal  the  interesting 
migration  which  the  lateral  incisor  ordinarily  undergoes  in  the  process  of 
coming  into  its  final  alignment.  Its  tooth-sac  at  first  does  not  lie  in  line  with 
its  neighbors,  but  is  just  back  of  them.  It  lies  usually  edgewise  to  the  tooth 
line  and  as  it  comes  forward  it  rotates  into  the  correct  position.  Here,  evi- 
dently, is  to  be  found  the  explanation  for  the  frequent  irregularities  in  the 
eruption  of  this  tooth  in  children. 

Gall  Bladder. 

Dr.  Bela  Halpert  has  made  histological  and  embryological  studies  of  the 
gall  bladder,  tracing  the  origin  and  structure  of  its  different  coats.  Evidence 
obtained  by  him  in  this  way  indicates  that  the  gall  bladder  performs  the  func- 
tion of  reabsorption  of  bile,  returning  the  important  bile  constituents  to  the 
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blood  stream.  A  preliminary  account  of  his  observations  has  been  made 
and  the  work  is  being  continued.  At  present  he  is  tracing  the  origin  of  the 
muscular  coat.  It  develops  later  than  that  of  the  neighboring  intestine; 
there  is  no  trace  of  it  in  the  25  mm.  embryo,  at  which  time  a  muscular  coat 
is  well  differentiated  in  the  intestine. 

ORGANS  OF  REPRODUCTION. 
Cyclic  Variations  in  Muscular  Activity  of  the  Tubes  and  Uterus. 

A  different  way  of  studying  tubal  and  uterine  spontaneous  rhythmic  con- 
tractions from  that  adopted  by  previous  observers,  and  which  I  referred  to 
in  my  reports  of  1923  and  1924,  has  been  made  use  of  by  Dr.  G.  B.  Wislocki 
and  Dr.  A.  F.  Guttmacher.  Instead  of  suspending  small  fragments  of  muscle 
from  a  kymograph  lever,  they  made  their  observations  on  the  excised  but 
otherwise  intact  genital  tract  of  the  sow,  in  a  warm  oxygenated  bath  of  Locke's 
solution.  Under  these  conditions  spontaneous  contractions  of  the  tubes  and 
uterus  could  be  observed  for  a  period  of  half  an  hour,  and  in  some  cases  longer. 
Their  observations  show  that  the  musculature  of  the  fallopian  tube  and 
uterus  contracts  peristaltically.  The  peristaltic  waves  are  predominantly 
from  the  fimbriated  part  of  the  tube  toward  the  uterine  horn,  and  from  the 
uterine  horn  toward  the  cervix,  though  antiperistalsis  was  occasionally  seen. 
In  the  tube  the  peristaltic  waves  originated  in  the  upper  third  and  ended  a 
variable  distance  lower  down.  Not  uncommonly  a  fresh  peristaltic  wave 
would  be  initiated  above  before  the  previous  one  had  subsided  below.  In 
this  way  the  tube  might  show  several  segments  of  peristaltic  activity  at  the 
same  time.  Similarly  in  the  uterus  there  was  considerable  diversity  of 
peristaltic  activity. 

When  the  peristaltic  activity  was  correlated  with  the  different  periods  of 
the  ovulation  cycle,  as  determined  by  the  ovaries  or  the  contents  of  the  uterus, 
it  was  found  that  there  is  a  sharp  rise  of  tubal  activity  during  oestrus,  reaching 
a  maximum  during  the  period  of  tubal  ova.  Following  this  there  is  a  gradual 
decline  of  tubal  activity  until  the  next  oestrus,  and  uterine  activity  begins 
about  the  middle  of  cestrus.  From  their  observations  on  a  few  control  animals 
(dogs),  it  would  appear  that  the  behavior  of  the  excised  uterus  is  essentially 
the  same  as  one  actually  in  situ  in  the  living  animal.  From  the  fact  that 
tubal  contractions  show  a  definite  relation  to  ovulation,  it  is  not  unlikely  that 
they  play  a  part  in  the  production  of  currents  in  the  region  of  the  ovaries  and 
through  the  lumen  of  the  tube,  thereby  facilitating  the  transportation  of  the 
ova  to  the  tube  and  uterus. 

It  may  be  added  here  that  Mr.  D.  L.  Seckinger  has  continued  his  studies 
on  the  spontaneous  contractions  of  the  fallopian  tube.  Working  in  conjunc- 
tion with  Dr.  Corner  and  Dr.  Snyder,  he  had  previously  shown  that  two 
definite  types  of  contraction  occur  during  the  ovulation  cycle  in  the  pig, 
monkey,  and  human.  At  the  time  of  ovulation  the  contractions  are  rapid 
and  show  a  tendency  to  periodic  variation  in  amplitude;  between  the  ovula- 
tion periods  they  are  slower  and  of  uniform  amplitude.  During  the  past 
year  Mr.  Seckinger  has  shown  that  corpus  luteum  extracts,  when  properly 
prepared,  exert  a  specific  action  on  the  excised  tube  of  the  pig.  The  contrac- 
tions of  the  intercestrous  tube  are  greatly  increased  in  amplitude  with  a  cor- 
respondingly slower  rate,  and  at  the  same  time  they  maintain  their  general 
type.     During  ovulation,  also,  the  tube  responds  actively  to  the  extract, 
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but  the  character  of  its  contractions  changes  from  the  cestrous  type  to  that 
of  the  intercestrous  period.  Extracts  of  mature  or  recently  ruptured  follicles 
and  of  the  stroma  of  the  ovary  do  not  have  this  effect. 

Periodic  Variations  in  Patency  of  Uterine  End  of  Tube. 

It  has  been  found  by  Dr.  F.  C.  Lee  that  in  the  cat  it  is  difficult  to  force 
fluids  from  the  uterus  into  the  tube  at  certain  periods  of  the  cestrous  cycle, 
namely,  when  the  uterus  is  small  and  there  are  no  large  follicles  in  the  ovaries. 
However,  when  large  follicles  appear  in  the  ovary  the  passage  of  fluid  from 
the  uterus  to  the  tube  is  easily  accomplished.  When  obstruction  exists  it  is 
only  in  the  one  direction,  as  fluid  readily  passes  from  the  tube  to  the  uterus. 
Similar  experiments  on  the  dog  and  guinea-pig  indicate  that  the  same  phe- 
nomenon occurs  in  those  animals.  There  evidently  exist  varying  degrees  of 
patency  of  the  uterine  end  of  the  tube,  and  Dr.  Lee  finds  that  the  greatest 
patency  occurs  about  the  time  of  ovulation.  Thus  in  these  animals  there  is 
a  provision  for  the  passage  of  spermatozoa  during  a  given  interval,  but  at 
other  times  secretions  are  prevented  from  passing.  Dr.  Lee's  observations 
have  been  published  in  preliminary  form,  and  he  has  under  preparation  a 
more  complete  study  of  the  phenomenon,  including  a  detailed  study  of  the 
morphology  of  this  region  of  the  genital  tract. 

Placentation  of  the  Sloth. 

On  their  collecting  trip  to  Nicaragua,  Dr.  Schultz  and  Mr.  Heard  were 
fortunate  in  capturing  a  pregnant  sloth  in  a  stage  of  gestation  that  throws 
considerable  light  on  the  development  of  the  placenta  in  this  very  old  form. 
The  uterus  was  well  preserved  and  has  been  studied  by  Dr.  Wislocki.  From 
this  specimen  and  the  few  described  in  the  literature  he  has  been  able  to  show 
that  the  placenta  is  at  first  diffusely  lobular.  A  little  later  it  becomes  a 
bell-shaped  structure  with  complete  disappearance  of  the  lobules  over  the 
cervical  third  of  the  uterus.  Subsequently  a  membranous  separation  divides 
the  bell  into  lateral  halves  and,  finally,  with  an  increase  of  this  membranous 
portion,  it  becomes  converted  into  a  typical  double  discoidal  placenta. 
Owing  to  the  excellent  preservation  of  Dr.  Wislocki's  material,  it  was  possible 
for  him  to  give  a  careful  account  of  its  finer  histology.  He  finds  that  between 
the  maternal  and  fetal  circulations  there  intervene  maternal  endothelium, 
perivascular  connective  tissue,  chorionic  ectoderm,  fetal  mesoderm,  and 
fetal  endothelium.  According  to  the  classification  of  Grosser,  this  placenta 
would  be  designated  as  a  placenta  syndesmochorialis.  The  fetus  has  a  crown- 
rump  measurement  of  14  cm.,  while  from  snout  to  tip  of  tail  its  length  is 
24.5  cm. 

STUDIES  ON  MONKEYS. 
Collecting  Trips  to  Nicaragua. 

In  order  to  extend  our  investigations  on  fetal  growth  in  man  to  the  study 
of  growth  in  other  primates,  an  effort  has  been  made  to  secure  a  series  of 
platyrrhine  fetuses  by  collecting  them  in  their  native  habitat.  Dr.  A.  H. 
Schultz  and  Mr.  O.  O.  Heard  made  an  exploratory  expedition  to  Nicaragua  in 
the  summer  of  1923.  They  spent  five  weeks  in  the  jungle  with  a  crew  of 
Indians  as  boatmen  and  guides  and  collected  the  following  valuable  material : 
12  monkey  embryos  and  fetuses;  12  monkey  placenta?;  22  monkey  uteri  with 
attached  ovaries  and  tubes;  various  fetuses  of  mammals  other  than  primates, 
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including  the  fetus  and  placenta  of  a  sloth;  50  skulls  and  several  skeletons  of 
the  howling  monkey;  82  skulls  of  various  mammals;  many  whole  specimens 
preserved  in  formalin,  including  10  monkeys  for  use  in  growth  studies;  and  a 
considerable  number  of  other  specimens  having  a  comparative  anatomical 
value. 

In  view  of  the  success  of  the  first  trip,  a  second  Nicaraguan  expedition 
was  made  in  the  summer  of  1924.  Dr.  Schultz,  Dr.  Wislocki,  and  Mr. 
Heard,  with  a  crew  of  Indians,  ascended  the  Prinzapolka  River  about  120 
miles,  and  then  a  tributary  for  some  40  miles,  up  into  the  hills,  where  they 
were  able  to  obtain  the  spider  monkey.  They  succeeded  in  collecting  a  total 
of  191  monkeys,  including  56  spider  monkeys.  Many  of  the  monkeys  were 
preserved  intact ;  of  all  the  others  the  skulls  were  saved.  The  complete  genital 
organs  of  81  female  monkeys  were  preserved,  together  with  the  mammary 
glands,  adrenals,  tubal  washings,  and  vaginal  smears.  This  material  will  make 
possible  an  account  of  the  cestrous  cycle  and  menstruation  in  platyrrhines, 
and  for  this  purpose  has  been  placed  at  the  disposal  of  Dr.  F.  F.  Snyder, 
who  is  now  associated  with  Dr.  Corner  at  the  University  of  Rochester.  Eight 
very  small  monkey  embryos  and  quite  a  number  of  larger  fetuses  were  ob- 
tained. These,  together  with  similar  specimens  of  last  year,  will  provide  the 
essential  stages  of  the  prenatal  period  of  the  New  World  monkey.  Autopsies 
were  performed  on  over  half  of  the  animals  captured,  and  they  revealed 
a  surprisingly  high  frequency  of  parasitic  infections  and  associated  disorders. 
Filariasis  was  present  in  every  one  of  the  spider  monkeys.  Dr.  Schultz 
took  advantage  of  the  expedition  to  make  anthropological  observations  upon 
the  Indian  natives  of  that  region,  making  a  complete  set  of  measurements  and 
photographs  of  37  adult  pure-blooded  individuals. 

Observations  on  Colobus  Fetuses. 

The  study  referred  to  in  a  previous  report,  made  by  Dr.  A.  H.  Schultz  on 
three  fetuses  of  the  Colobus  monkey,  supplemented  by  two  preserved  bodies, 
one  juvenile  and  one  adult,  and  two  adult  skeletons,  all  of  the  same  species, 
has  appeared  in  its  final  form  during  the  past  year.  In  view  of  the  exceedingly 
limited  literature  on  the  fetal  development  of  monkeys  and  apes,  these 
observations  open  up  a  practically  unknown  field.  Dr.  Schultz's  study 
deals  with  the  changes  in  proportions  during  development,  as  compared  with 
the  adult  form  of  the  same  species,  and  in  this  way  he  hopes  to  determine 
the  general  laws  governing  growth  in  all  primates.  The  new  material  from 
Nicaragua  makes  it  possible  to  extend  these  studies  greatly. 

Ossification  in  Suprarenal  Gland  of  Monkey. 

An  interesting  case  of  perversion  in  development  has  been  studied  by 
Mr.  H.  D.  Kruse.  In  the  suprarenal  gland  of  a  monkey  an  area  of  bone  forma- 
tion was  found,  with  typical  bone-marrow,  calcified  bony  trabecular,  and  an 
enveloping  periosteum  sharply  marking  it  off  from  the  surrounding  medullary 
tissue  of  the  gland.  It  is  significant  that  this  growth  took  place  in  a  rich 
vascular  bed,  and  Mr.  Kruse  points  out  the  probability  that  it  is  a  phe- 
nomenon of  late  embryonic  development,  in  which  there  is  an  abnormal 
development  of  the  mesoderm. 
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GENERAL  STATEMENT. 

Outstanding  results  of  the  year's  activity  of  this  Department  are  outlined 
in  the  following  paragraphs. 

A  new  type  of  chromosomal  relationship  has  been  discovered  between  the 
sexes  in  certain  flies  (Sciara) ,  accompanied  by  a  new  type  of  spermatogenesis. 
The  further  analysis  of  reddish  in  the  sex-chromosome  of  Drosophila  virilis, 
leads  to  the  conclusion  that  it  is  an  allelomorph  of  yellow  that  is  mutating 
in  extraordinary  fashion.  The  investigation  of  the  chain  of  events  stretching 
between  the  chromosomes  of  the  fertilized  egg  and  somatic  quality  has  been 
advanced  by  the  use  of  the  Manoilov  test  of  the  chemical  differential  of  the 
sexes,  which  we  have  applied  to  mucors  as  well  as  other  plants  and  animals. 
A  seasonal  range  in  size  of  the  thyroid  gland  in  pigeons  has  been  found 
associated  with  gonadal  activity,  so  that  the  period  of  decline  in  thyroid  size 
coincides  with  that  of  active  reproduction  in  the  pigeon;  and  at  the  period 
when  the  thyroid  is  smallest  the  female  offspring  are  most  numerous.  A 
method  has  been  devised  for  producing  dwarfs  in  mice  by  operations  on  the 
thyroid  gland  of  the  mother,  which  may  throw  light  on  the  production  of 
human  non-cretinous  dwarfs. 

Light  has  been  thrown  on  the  problem  of  varying  sex  ratios  of  young  born 
in  various  species  of  mammals  by  the  discovery  that  where  there  are  no 
inter-uterine  deaths  the  numbers  of  the  two  sexes  born  are  equal.  In  mice, 
at  least,  there  is  no  relation  between  the  amount  of  prenatal  mortality  and 
the  sex-ratio  at  birth.  In  Cladocera  the  sex-ratio  of  the  offspring  is  more  fully 
controlled,  since  it  has  become  possible  by  improved  technique  to  call  forth 
practically  100  per  cent  male  offspring  in  an  ordinarily  exclusively  female 
producing  species. 

A  method  has  been  elaborated  for  expressing  quantitatively  the  racing 
qualities  of  the  thoroughbred  horse  and  predicting  the  speed  of  their  progeny. 

In  general,  it  may  be  said  that  the  work  of  the  Department  is  moving 
toward  a  better  understanding  of  the  nature  of  the  gene;  the  role  of  the 
chromosome,  as  a  whole  and  of  its  mutations,  in  directing  development; 
the  interpretation  of  abnormal  sex-ratios;  the  nature  of  variations  in  sex- 
expression;  certain  chemical  processes  that  direct  development,  especially 
of  sex-limited  traits,  and  other  qualities  that  are  under  the  influence  of  the 
endocrine  glands;  and  the  applications  of  genetical  principles  to  mammals, 
including  man.  Without  neglecting  fundamental  studies  into  the  nature  of 
chromosomes  and  their  genes  which  initiate  development,  we  must  push 
forward,  as  opportunity  offers,  into  the  field  of  the  chemical  processes  that 
direct  the  later  development  of  those  traits  whose  genie  basis  has  been  estab- 
lished. 

It  is  on  this  account  that  we  are  glad  to  have  had  working  at  the  Depart- 
ment during  the  summer  of  1925  the  laboratory  force  of  Dr.  George  K. 
Falk,  of  the  Harriman  Research  Laboratory,  of  which  Dr.  W.  G.  Lyle  is 
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Director.  Miss  Helen  Noyes  has  been  in  immediate  charge  of  the  researches, 
which  have  included  a  study  of  the  enzyme  actions  during  the  various  devel- 
opmental stages  of  mice  and  fishes.  The  researches  are  giving  a  clearer 
picture  than  we  have  had  hitherto  of  the  changes  during  development  of  those 
catylists  in  the  body  upon  which  growth  and  differential  development  depend. 

DETAILED  REPORTS  ON  CURRENT  INVESTIGATIONS. 

THE  GERM  PLASM. 
DATURA  AND  OTHER  SPERMAPHYTES. 

Studies  on  mutations  in  Datura  have  been  continued  by  a  group  con- 
sisting of  Dr.  Blakeslee,  in  charge,  Dr.  Belling,  cytologist,  Gordon  Morrison, 
associate,  and  Miss  Betty  P.  Watt,  assistant. 

Trisomic  Types  op  Datura. 

In  reports  of  former  years,  11  of  the  possible  12  Daturas  that  belong  to  the 
2n+l  series  have  been  found  with  certainty.  A  preliminary  study  of  the 
offspring  from  the  cross  3nX2n,  which  should  throw  all  of  the  primaries  in 
equal  numbers,  has  shown  only  11  primaries.  During  the  summer  of  1925 
out  of  1,500  offspring  from  triploids  a  weak-growing  type  has  been  found  in 
numbers  approaching  those  of  the  other  primaries  and  this  directs  suspicion 
upon  itself  as  the  possible  twelfth  member  of  the  primary  series.  It  is  being 
grafted  upon  normal  stock  in  the  attempt  to  force  the  type  into  bud  forma- 
tion.    It  is  possible,  however,  that  the  twelfth  primary  is  not  viable. 

Three  new  chromosomal  mutants  have  been  discovered  since  our  last 
report:  "Dwarf,"  a  secondary  of  "Poinsettia;"  "Smooth,"  a  secondary  of 
"Glossy;"  and  "Scallop,"  a  secondary  of  "Reduced." 

"A  few  new  Mendelian  characters,"  reports  Dr.  Blakeslee,  "have  been  dis- 
covered in  collections  from  abroad,  as  spontaneous  gene  mutations  in  our  cul- 
tures, and  as  segregates  from  the  interspecific  cross  between  D.  stramonium 
and  D.  ferox.  We  have  previously  been  able  to  locate  the  genes  for  white- 
flower  color  and  for  curled  cotyledons  in  the  Poinsettia  chromosome  by  the 
trisomic  ratios  produced  when  Poinsettia  parents  were  heterozygous  for  these 
genes.  The  genes  should,  therefore,  show  linkage  in  disomic  inheritance. 
Rather  extensive  series  of  cultures  have  shown,  in  fact,  that  such  expected 
linkage  does  exist  and  that  there  is  about  12.5  per  cent  crossing-over  between 
these  genes. 

"It  will  be  remembered  that  the  secondary  mutants  with  an  extra  chromo- 
some were  believed  to  be  (2n+2/2)  types  with  the  extra  chromosome  made 
up  of  one  half  of  the  chromosome  doubled.  No  facts  have  been  found,  as 
yet,  in  conflict  with  this  conception  and  the  Dwarf  secondary  of  Poinsettia 
appears  to  offer  a  further  confirmation.  The  types  of  ratios  being  produced 
this  season  by  heterozygous  Dwarf  parents  seem  to  indicate  that  the  Dwarf 
half  of  the  Poinsettia  chromosome  may  convey  the  genes  for  curled  and  nor- 
mal cotyledons,  but  not  the  genes  for  purple  and  white-flower  color.  If  our 
provisional  interpretation  of  these  ratios  turns  out  to  be  correct  we  may  have 
a  method  of  determining  in  which  half  of  a  particular  chromosome  a  given 
gene  is  located. 

"Further  information  has  been  obtained  in  regard  to  the  peculiarity  of  the 
Nubbin  mutant.  Nubbin  not  only  throws  types  like  itself  but  also  two  new 
types,  Hedge  and  Pinched,  which  latter  are  related  to  the  two  secondary  ones 
of  Rolled,  both  by  appearance  and  by  the  fact  that  they  regularly  throw  some 
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Rolleds  in  their  offspring.  Nubbin  further  throws  the  two  primaries  Echinus 
and  Buckling  but  not  Rolled.  Hedge  throws  Echinus  and  Pinched  throws 
Buckling.  The  breeding  behavior  is  summarized  below,  the  arrows  indi- 
cating the  types  of  offspring  thrown  by  the  different  mutants  involved  in 
the  complex. 


Nubbin 


ft  Buckling 


Fig.  1. 


"  The  Nubbin  problem  may  be  solved  by  further  cytological  study,  possibly 
aided  by  further  evidence  from  the  breeding  behavior,  if  genes  can  be  found 
with  which  to  tag  the  chromosomes  involved. 

"The  mutant  Nubbin  is  of  present  value  as  a  tester  for  abnormal  whites 
mentioned  in  our  last  report,  since  Nubbin  parents  heterozygous  for  these 
whites  throw  distinctive  ratios.  When  heterozygous  for  abnormal  whites, 
Nubbin  parents  throw  a  large  excess  of  purples  among  the  Nubbin  offspring 
and  a  similar  excess  of  whites  among  the  normal  offspring.  They  also  throw 
a  new  type  resembling  Dwarf  and  Sugarloaf .  Tests  of  the  various  whites  in 
our  main  lines  indicate  that  the  abnormal  whites  are  not  uncommon  in 
nature." 

Distribution  op  Datura  Mutants  in  South  America. 

As  a  delegate  to  the  Third  Pan-American  Scientific  Congress,  held  in 
1925  in  Lima,  Peru,  Dr.  Blakeslee  made  a  4-months'  trip  to  South  America 
and  while  there  studied  the  variation  and  geographical  distribution  of  Daturas 
in  the  countries  visited.     He  reports  as  follows : 

"It  is  too  early  as  yet  to  report  in  detail  on  the  types  now  under  cultiva- 
tion from  the  seed  collected  in  South  America.  We  appear,  however,  to  have 
obtained  a  number  of  new  Mendelian  characters  from  our  collections  which 
bid  fair  to  be  of  value  in  our  breeding  experiments.  Some  facts  discovered 
in  regard  to  the  geographical  distribution  of  the  species  and  its  varieties  may 
prove  of  interest.  In  irrigated  regions  of  the  West  Coast  from  Lima,  Peru, 
as  far  south  as  Arica,  only  the  purple  variety  of  D.  stramonium  was  found. 
The  purple  form  also  was  found  in  irrigated  fields  and  at  railroad  stations 
inland  from  Lima  up  to  about  8,000  feet  elevation  and  at  Ollantaytambo  in 
one  of  the  valleys  of  the  Andes  at  about  the  same  elevation.  Higher  than 
about  9,000  feet  the  species  has  not  been  reported.  In  regions  of  Chile  from 
Valparaiso  to  Conception  and  Angol,  where  irrigation  is  not  necessary  for 
vegetation,  both  the  purple  and  white  varieties  were  encountered,  with  the 
purple  more  abundant.  On  the  east  side  in  Brazil  only  the  white  variety  was 
found,  and  all  the  material  sent  us  from  this  country  has  also  been  white- 
flowered.  In  Argentina  and  Uruguay  all  the  jimson  weeds,  so  far  as  could  be 
judged  from  our  own  observations  and  from  the  herbarium  material  examined, 
belonged  to  another  species — Datura  ferox — related  to  D.  stramonium  but 
perfectly  distinct.  In  Santiago,  Chile,  we  found  the  border  line  between  the 
two  species  and  discovered  natural  hybrids  between  them.  What  the  causes 
are  which  have  determined  the  distribution  of  these  two  species  and  of  the 
two  conspicuous  color  varieties  of  D.  stramonium  has  not  yet  been  determined. 
It  may  be  of  interest  in  this  connection  to  note  that  two  collections  sent  us 
from  the  Belgian  Congo,  as  well  as  one  collection  from  French  Somaliland, 
have  been  D.  stramonium,  while  collections  further  south  from  Pretoria, 
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Africa,  have  been  hybrids  between  D.  ferox  and  D.  stramonium.  Further  col- 
lections from  Africa  may  show  that  the  distribution  of  the  two  species  from 
this  continent  is  similar  to  that  in  South  America.  It  is  our  growing  belief 
that  in  order  to  connect  our  work  with  the  problems  of  evolution,  geneticists 
should  become  familiar  with  the  variability  and  distribution  in  nature  of  the 
forms  we  are  studying.  We  trust  that  the  collection  of  biotypes  which  we 
are  assembling  may  not  only  furnish  us  with  new  Mendelian  characters  but 
also  may  afford  us  some  clue  in  regard  to  the  course  of  evolution  in  this  and 
related  species." 

Chromosomal  Mutants. 

Dr.  Belling  has  continued  his  studies  on  aberrant  chromosome  complexes 
in  aberrant  Daturas.  He  has  been  led  to  look  for  cases  of  chromosomal 
aberrations  in  other  species,  and  has  described  a  number  of  them.  Thus,  in 
some  "lady-slippers"  (Cypripedium  acaule)  removed  from  the  woods  to  the 
greenhouse  he  found  microspores  with  one  chromosome  lacking  and  micro- 
cytes  of  such  small  size  that  they  comprised  only  one  chromosome,  obviously 
that  missing  from  the  abnormal  microspores.  He  suggests  that  the  change 
in  the  winter  from  out-door  conditions  to  the  heat  of  the  greenhouse  may 
have  produced  these  anomalies  of  division.  There  is  some  reason  for  con- 
cluding that  the  abnormal  microspores  are  aborting,  since  microspores  with 
deficient  chromosome  numbers  abort  in  Datura. 

Association   of   Chromosomes   in   Diploid   and   Triploid    Hyacinths. 

In  tetraploid  Daturas  there  are  4  chromosomes  of  a  kind  instead  of 
the  ordinary  (diploid)  pair.  This  leads  to  the  inquiry  whether  new  species 
may  not  have  arisen  by  "accidental"  doubling  of  the  chromosome  number 
through  failure  at  a  critical  stage  of  members  of  the  pairs  to  divide.  In 
not  a  few  genera,  indeed,  one  species  (or  variety)  differs  from  another  in 
having  double  the  number  of  chromosomes.  This  is  strikingly  true  in  Hya- 
cinth where  H.  romanus  has  4  pairs  of  chromosomes  and  H.  orientalis  has  8 
pairs.  If  the  8  pairs  are  derived  by  doubling  of  the  4-pair  condition  then  the 
tetraploid  sets  should  be  of  the  same  size  and  perhaps  tend  to  keep  near  each 
other  as  the  pairs  of  chromosomes  in  ordinary  diploids  do.  To  test  the  hy- 
pothesis, Belling  measured  the  chromosomes  in  H.  orientalis  and  found, 
indeed,  that  there  are  4  chromosomes  of  a  kind  that  are  about  as  alike  as  the 
pairs  of  ordinary  diploids.  But  there  was  no  perceptible  attraction  between 
the  members  of  the  pairs  of  similar  bivalents  at  the  first  maturation  division. 
The  two  pairs  of  small  bivalents  were,  to  be  sure,  near  the  center  of  the  cell 
but  this  was  doubtless  due  to  the  tendency  of  small  chromosomes  to  drift 
toward  the  center.  In  triploid  H.  orientalis  the  trivalent  chromosomes  were 
usually  very  clearly  associated  in  sets  of  three. 

Distribution  of  Chromosomes  in  a  Triploid  Hyacinth. 

Dr.  Belling  finds  that  while  in  the  typical  diploid  hyacinth  there  are 
(in  root-tip  cells)  8  large,  4  median  and  4  short,  chromosomes  or  4+2+2 
haploid,  in  certain  clones  the  root-tips  show  12  large,  6  medium,  and  6  small, 
chromosomes.     Under  these  circumstances 

"8  of  the  chromosomes  in  the  pollen  grain  will  probably  have  come  from 
pairing  with  8  similar  chromosomes,  at  the  first  metaphase  in  the  pollen- 
mother-cell.  The  remaining  8  chromosomes  of  the  pollen-mother-cell  would 
probably  be  distributed  according  to  the  laws  of  chance  to  the  two  nuclei 


DEPARTMENT   OF   GENETICS.  25 

resulting  from  the  reduction  division,  and  hence  to  the  two  pairs  of  pollen 
grains  which  came  from  each  pollen-mother-cell." 

This  expectation  is  realized,  so  that  cells  with  no  extra  chromosomes  or 
with  1,  2,  3,  4,  5,  6,  7,  8  extras,  respectively,  occur  in  the  frequency  of  the 
coefficients  of  the  expanded  binomial  (a+b)8.  Also  extras  of  each  size  occur 
with  a  frequency  expressed  by  the  binomial  law. 

Origin  of  Chromosomal  Mutations  in  Uvularia. 
Dr.  Belling  has  published  details,  with  suitable  illustrations,  of  the  different 
types  of  chromosomal  mutations  observed  in  the  bell-wort.  He  treats  the 
subject  under  the  headings:  detachment,  non-disjunction,  non-conjunction, 
non-reduction,  non-division,  and  fracture  as  described  in  the  Year  Book  for 
1924,  pp.  29,  30.  He  discusses  the  bearings  of  chromosomal  mutations  on 
the  science  of  genetics  and  points  out:  The  study  of  the  genes  in  relation  to 
each  chromosome  or  segment  of  a  chromosome,  when  deficient  or  in  excess, 
adds  to  the  proofs  of  the  chromosome  theory  of  inheritance.  Especially 
tetraploidy  and  hexaploidy  may  play  a  part  in  the  striking  changes  of  the 
chromosome  group  from  species  to  species.  The  formation  of  triploids  and 
tetraploids  may  also  be  of  practical  value  in  other  cases  besides  the  large 
flowered  and  nearly  seedless  triploid  Carina  and  hyacinth  clones  among  orna- 
mental flowering  plants  and  the  more  or  less  parthenogenetic  triploid  mul- 
berries among  fruit  trees. 

Interovular  and  Gamophytic  Selection. 

Professor  John  Buchholz  of  the  University  of  Arkansas  has  been  associated 
with  the  work  in  Daturas  during  the  past  four  summers  and  has  been  engaged 
particularly  in  carrying  on  experiments  on  the  effect  of  different  types  of 
developmental  selection  in  the  elimination  of  chromosomal  mutations.  The 
Globe  mutant  has  been  used  because  it  is  easily  recognized  in  seedling  stages. 
It  appears  from  Professor  Buchholz's  researches  that,  other  things  being 
equal,  the  large  seed  capsule  conserves  a  larger  percentage  of  Globe  progeny 
than  a  small  one.  In  Globe  X  Normal  the  correlation  between  the  size  of 
the  seed  capsule  and  the  percentage  of  Globe  progeny  is  r= +0.339 ±0.043. 
In  ordinary  Normal  X  Globe  crosses,  where  only  a  small  proportion  of  Globes 
is  transmitted  through  the  pollen  the  correlation  between  size  of  capsule  and 
proportion  of  Globes  is  r  =  0.224  ±0.034.  Thus  in  Normal  X  Globe  crosses 
also  there  is  greater  elimination  through  interovular  selection  (fewer  Globes) 
in  small  seed  capsules  than  in  large  ones. 

In  a  study  of  gametophytic  selection  an  effort  was  made  to  change  the 
proportion  of  Globes  transmitted  through  the  pollen  (Normal  X  Globe)  by 
using  small  numbers  of  counted  pollen  grains.  The  result  was  complicated  by 
the  fact  that  when  small  amounts  of  pollen  were  used  the  resulting  seed  cap- 
sules were  small  and  resulted  in  a  decrease  in  the  proportion  of  Globes  through 
interovular  selection.  Nevertheless  there  was  in  this  experiment  an  average 
of  4.5  per  cent  Globes  in  seed  capsules  with  counted  pollination  as  compared 
with  1.36  per  cent  in  all  of  the  controls.  The  proportion  of  Globes  was, 
therefore,  increased  more  than  three-fold  through  lessened  competition  be- 
tween the  pollen  tubes  having  n  chromosomes  and  those  having  n+l  chro- 
mosomes. The  number  of  pollen  grains  applied  in  the  counted  pollen  range 
from  200  to  600.  Many  pollinations  were  made  with  small  numbers  of 
pollen  grains  but  no  seed  was  set.     In  the  counted  pollen  series  the  correla- 
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tion  between  the  percentage  of  Globes  and  the  size  of  capsules  was  t  —  0.154 
±0.028.  It  was  found  that  the  upper  half  of  any  seed  capsule  contains 
mostly  seeds  from  the  early  arriving  pollen,  the  lower  half  from  slower  grow- 
ing pollen  tubes.  In  the  counted  pollination  series  there  was  probably  no 
significant  difference  between  the  proportion  of  Globes  in  the  upper  and  in 
the  lower  portions  of  the  small  seed  capsules.  But  in  the  control  series, 
with  much  pollen,  an  intense  competition  between  the  pollen  tubes  and  re- 
duced interovular  selection  because  of  the  large  seed  capsules,  there  was  a 
marked  difference.  The  upper  halves  of  such  capsules  contained  only  0.445 
per  cent  Globes  while  the  lower  halves  contained  2.08  per  cent.  This  sup- 
ports Dr.  Buchholz's  conclusions  that  the  pollen  tubes  with  n+1  chro- 
mosomes grow  slower  than  those  with  N  chromosomes. 

DIPTERA. 

Aberrant  Chromosomal  Relations  in  Sciara. 

In  continuing  his  exploration  of  the  field  of  the  relation  between  the  inheri- 
tance of  somatic  qualities  and  chromosomal  conditions,  Dr.  Metz  has  dis- 
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Fig.  2. — Figures  illustrating  the  chromosome  groups  and  spermatocyte  divisions  in  the 
fly  Sciara  similans  Joh.  Figs.  1-3,  Camera  lucida  drawings  of  the  female  chromo- 
some group,  the  male  chromosome  group,  and  the  second  spermatocyte  group 
respectively.  The  two  extra  or  "sex-limited"  chromosomes  of  the  male  are  shown 
in  solid  black.  The  precocious  chromosome  in  the  second  division  is  shaded. 
Diagrams  A-F:  Schematic  illustrations  of  chromosome  behavior  during  spermato- 
genesis. A,  Anaphase  of  first  spermatocyte  division  showing  the  two  sex-limited 
chromosomes  going  intact  to  the  inner  pole.  B,  Telophase  of  same,  showing  process  of 
budding.  C,  Side  view  of  second  division  showing  precocious  chromosome  going  to 
inner  pole  opposite  the  bud  nucleus  cast  off  at  first  division.  D,  Anaphase  of  same 
showing  division  and  equal  distribution  of  all  chromosomes  except  the  precocious  one. 
E,  Telophase  of  same  showing  formation  of  the  second  bud.  F,  Schematic  cross- 
section  of  a  cyst  of  second  spermatocytes  showing  in  center  the  group  of  bud  nuclei 
from  first  division  and  around  this  the  cells  uniformly  polarized,  with  the  pre- 
cocious chromosome  always  going  toward  the  periphery  of  the  cyst  (inner  pole  of  cell). 

covered,  in  the  genus  Sciara,  chromosomal  relations  of  the  sexes  that  are 
apparently  different  from  those  known  in  any  other  organism.  Dr.  Metz 
reports : 

"Apparently  the  conditions  are  essentially  the  same  in  all  four  of  the 
species  thus  far  studied.     Sciara  similans  (Johannsen  manuscript)  may  be 
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taken  as  an  example.  Both  sexes  of  this  species  are  diploid.  The  chromo- 
some group  of  the  female  consists  of  4  symmetrical  pairs  of  chromosomes, 
2  of  which  are  rod-like  and  two  V-shaped,  as  shown  in  figure  1.  That  of  the 
male  consists  of  4  pairs  like  those  of  the  female,  and  in  addition  2  larger 
and  individually  distinct  chromosomes,  one  V-shaped  and  the  other  J -shaped 
as  seen  in  figure  2. 

"Thus  the  male  possesses  2  more  chromosomes  than  the  female.  These 
2  chromosomes  are  sex-limited;  i.  e.,  they  are  confined  to  the  male  line,  pass- 
ing from  father  to  son  in  each  generation.  In  the  latter  respect  they  resemble 
the  ordinary  Y-chromosome,  but  they  differ  from  the  Y-chromosome  in  other 
features.  The  Y-chromosome  is  a  member  of  a  pair  and  segregates  at  matura- 
tion. It  has  a  mate,  X,  which  is  derived  from  the  female  parent  and  which 
passes  into  the  female  offspring.  The  2  large  chromosomes  in  Sciara,  on  the 
other  hand,  are  unlike  all  the  other  chromosomes  and  have  no  mate  or  mates 
among  them;  they  do  not  pair  with  and  apparently  do  not  segregate  from  any 
of  the  others. 

"In  the  other  three  species — S.  pauciseta,  S.  prolifica,  and  S.  coprophila(?) — 
the  size  relations  of  the  chromosomes  differ  somewhat,  but  the  situation  is 
essentially  similar,  showing  that  we  are  not  dealing  with  a  condition  confined 
to  a  single  aberrant  case. 

"In  two  of  the  four  species  (similans  and  coprophila?)  peculiar  sex-ratios 
have  also  been  found.  In  the  latter  species,  and  in  certain  lines  of  the  for- 
mer, broods  from  individual  mothers  are  consistently  unisexual  or  nearly  so. 
This  is  true  both  of  laboratory  stock  and  wild  flies,  as  indicated  by  the  sam- 
ple counts  in  the  accompanying  table. 

Sample  counts  of  offspring  from  individual  mothers  in  Sciara  coprophila  (?) 


Counts  from  wild  females. 

Offspring. 

(1) 

(2) 

(3) 

(4) 

No.  of  9's 

No.  of  c?'s 

55 
0 

53 
0 

0 
10 

52 
0 

Counts  from  laboratory  females. 

(1) 

(2) 

(3) 

(4) 

(5) 

(6) 

(7) 

(8) 

(9) 

(10) 

(ID 

(12) 

(13) 

(14) 

(15) 

(16) 

No.  of  9  off.    , 
No.  of  cf  off, 

48 
0 

3 

77 

25 
1 

51 
1 

88 
0 

0 

80 

0 
69 

0 
140 

0 

77 

62 
0 

0 
67 

75 
0 

102 
0 

123 
1 

125 
1 

1 
131 

"An  explanation  of  this  behavior  is  not  yet  available,  but  preliminary 
experiments  indicate  that  the  female  parent  is  immediately  responsible  for 
the  sex-ratio  and  that  probably  female-producing  females  and  male-producing 
females  are  produced  in  approximately  equal  numbers. 

"In  S.  pauciseta,  on  the  other  hand,  the  broods  are  consistently  bisexual — 
although  the  ratios  may  vary. 

"For  an  adequate  analysis  of  the  problems  presented  by  these  species  a 
detailed  cytological  and  genetic  study  will  be  required.  As  a  first  step  a 
study  of  spermatogenesis  has  been  carried  on  during  the  past  year.  This  has 
brought  out  a  series  of  peculiarities,  among  which  are  the  following:  (See 
fig.  2,  A-F.) 
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"Both  spermatocyte  divisions  are  unequal  and  result  in  the  casting  off  of 
buds  resembling  the  polar  bodies  of  an  egg.  In  consequence  each  primary 
spermatocyte  gives  rise  to  only  one  spermatid,  instead  of  four. 

"The  first  spermatocyte  division  is  anomalous.  Apparently  the  chromo- 
somes do  not  undergo  synapsis  and  do  not  form  a  metaphase  plate,  but  are 
segregated  into  two  groups  at  opposite  ends  of  an  imperfect  spindle.  The 
2  large  'sex-limited'  chromosomes  and  4  others  go  to  the  'inner'  pole,  while 
the  remaining  4  are  cast  off  in  the  bud.  These  latter  are  usually  long  and 
slender,  while  those  going  to  the  inner  pole  are  short  and  thick. 

"The  apparent  absence  of  synapsis  between  maternal  and  paternal  chromo- 
somes, together  with  the  peculiar  relations  of  form  and  behavior  of  the  chro- 
mosomes in  the  first  division  suggest  some  unusual  relation  between  the 
maternal  and  the  paternal  chromosomes.  One  possibility  is  that  the  maternal 
chromosomes  are  regularly  cast  out  of  the  spermatocyte  at  this  division  and 
hence  are  never  present  in  the  spermatozoa.  If  this  should  occur  it  would 
lead  to  interesting  genetic  consequences,  which  breeding  experiments  now 
under  way  are  designed  to  test.  It  should  be  noted  that  the  above  details  of 
spermatogenesis  are  known  to  apply  to  one  species,  but  not  certainly  to  the 
others,  although  present  indications  are  that  they  hold  for  all  four. 

"The  second  spermatocytes  appear  to  be  all  alike,  instead  of  composed  of 
two  kinds  as  in  most  Diptera.  Each  spermatocyte  contains  6  chromosomes, 
including  the  2  large  sex-limited  ones  (fig.  2:3).  The  latter  and  three  of  the 
others  divide  equationally  at  this  division.  The  remaining  member  splits, 
but  goes  precociously  to  the  '  inner '  pole,  opposite  the  bud  nucleus  cast  off  at 
the  first  division.  Apparently  this  chromosome  is  double  and  both  halves 
enter  the  spermatid. 

"Since  the  cells  are  arranged  in  clusters  and  definitely  polarized  as  shown 
in  figure  2,  F  the  constancy  of  the  chromosome  behavior  is  easily  demon- 
strated. 

"As  noted  above,  all  the  spermatids  receive  both  of  the  sex-limited  chromo- 
somes— from  which  it  would  be  inferred  that  all  spermatozoa  are  male- 
determining.  If  so,  females  should  arise  by  parthenogenesis.  Simple  par- 
thenogenesis, however,  does  not  occur,  for  experiments  have  shown  that 
females  must  be  fertilized  to  give  offspring.  It  is  possible,  however,  that 
female-producing  eggs  are  stimulated  to  develop  by  the  sperm,  without 
nuclear  fusion  (gynogenesis) .     Other  possibilities  exist  also. 

"The  following  working  hypotheses  are  being  followed  in  planning  further 
studies  on  this  subject: 

"Females  arise  by  gynogenesis  (modified  parthenogenesis)  and  hence 
represent  essentially  a  '  pure  line. ' 

"Males  arise  from  fertilized  eggs  and  hence  are  always  derived  bisexually. 

"The  two  large  sex-limited  chromosomes  (or  one  or  more  chromosomes 
which  agree  with  these  in  distribution)  are  'male  determining.' 

"  In  oogenesis  a  differential  division  of  some  sort  occurs  which  differentiates 
two  types  of  female-producing  eggs — i.  e.,  the  male-producing  and  the  female- 
producing  females.  (Possibly  two  corresponding  types  of  males  are  pro- 
duced, but  no  indication  of  this  has  been  noted.) 

"It  also  seems  necessary  to  assume  a  differential  division  in  oogenesis 
which  will  compensate  for  the  retention  of  both  daughter  halves  of  the  '  pre- 
cocious' chromosome  in  the  spermatid. 

"Other  equally  interesting  phenomena,  such  as  variations  in  chromosome 
numbers  and  an  unusual  type  of  mitotic  spindle,  have  been  found  in  these 
flies,  but  have  not  yet  been  studied  enough  to  warrant  discussion. 

"Considerable  time  has  been  devoted  to  the  work  of  perfecting  a  tech- 
nique for  breeding  the  flies — which  is  a  prerequisite  to  any  accurate  genetic 
study. " 
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Architecture  of  Chromosomes  of  Drosophila  virilis. 

Under  Dr.  Metz's  supervision,  Miss  Mildred  Moses  has  continued  work 
on  the  linkage  groups  IV  and  VI  in  Drosophila  virilis.  It  is  group  VI  which 
was  considered  that  of  the  "dot-like"  chromosome,  comparable  with  the 
small  chromosomes  of  D.  melanogaster.  The  other  four  linkage  groups  in 
D.  virilis  all  represent  long  chromosomes  (as  has  been  shown  in  detail  in 
published  reports)  and  one  of  the  two  considered  here  also  represents  a  long 
chromosome.     Dr.  Metz  reports: 

"Our  task  has  been  to  determine  which  of  these  two  linkage  groups  (IV 
and  VI)  represents  the  small  dot-like  chromosome  and  which  the  long  chromo- 
some.    The  latter  is  about  20  times  the  size  of  the  dot-like  one. 

"The  question  takes  on  especial  interest  because  two  of  the  characters  in 
linkage  group  VI  resemble  characters  associated  with  the  small  dot-like 
chromosome  in  the  well-known  Drosophila  melanogaster. 

"Two  lines  of  evidence  are  available,  based  on  number  of  mutations  and 
amount  of  crossing-over  respectively.  Expectation  calls  for  a  much  larger 
number  of  mutant  genes  or  '  loci '  in  the  large  chromosomes  than  in  the  small 
one.  And  it  also  calls  for  a  much  larger  amount  of  crossing-over  in  the  large 
chromosome. 

"When  last  year's  report  was  written,  almost  no  crossing-over  had  been 
detected  in  either  case  and  we  noted  that,  on  the  basis  of  number  of  mutants 
found  in  the  two  groups,  group  VI  should  represent  the  small  dot-like  chromo- 
some. 

"Within  the  last  year,  however,  Miss  Moses  has  been  able,  by  the  dis- 
covery and  study  of  additional  mutant  characters,  to  show  that  probably  the 
relation  is  just  the  reverse  of  this,  i.  e.,  that  group  VI  represents  the  large 
chromosome  and  group  IV  the  dot-like  one.  This  interpretation  is  based  on 
the  fact  that  in  group  VI  one  character  has  been  found  which  appears  to  give 
about  17  per  cent  and  13  per  cent  of  crossing-over,  respectively,  with  the  two 
others  thus  far  studied  in  this  group. 

"The  data  are  open  to  some  question  because  this  character  is  very  in- 
constant and  irregular  in  its  appearance.  Consequently  they  should  be  cor- 
roborated by  the  study  of  additional  and  more  reliable  characters.  But 
unless  the  present  results  are  due  to  some  aberrant  genetic  behavior  which 
we  have  not  been  able  to  detect,  they  indicate  such  a  large  amount  of  crossing- 
over  in  group  VI  as  to  make  it  highly  probable  that  this  group  represents  the 
long  chromosome. 

"The  case  is  noted  here,  as  a  correction  of  our  previous  tentative  conclu- 
sion. It  will  be  discussed  further  when  the  necessary  additional  data  are 
obtained. 

"It  may  be  noted,  however,  that  in  any  case  the  small  dot-like  chromo- 
some in  D.  virilis  has  given  rise  to  a  surprisingly  large  number  of  mutations 
as  compared  with  the  other  chromosomes  and  also  as  compared  with  the  dot- 
like chromosome  in  the  well-known  D.  melanogaster. 

"Group  IV  contains  four  characters  which  show  no  indication  of  being 
allelomorphs  and  a  fifth  which  is  probably  not  an  allelomorph  of  any  of  these. 
Thus  it  represents  at  least  4  or  5  loci.  Group  VI  contains  three  characters 
which  are  not  allelomorphic,  and  thus  represents  3  loci.  In  the  other  three 
autosomes  (each  of  which  is  about  20  times  the  size  of  the  dot-like  one)  the 
numbers  of  loci  are  8,  8,  and  5  respectively.  In  Drosophila  melanogaster, 
which  has  been  studied  many  times,  as  much  as  D.  virilis,  the  dot-like  chromo- 
some, resembling  the  one  in  D.  virilis,  contain  only  3  known  loci. 
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Inconstancy  of  Reddish  in  D.  virilis. 
Dr.  Demerec  has  accumulated  a  large  amount  of  data,  concerning  the 
gene  basis  of  this  character,  during  the  past  year.    This  supports  the  tentative 
conclusion  made  in  last  year's  report,  that  reddish  is  an  allelomorph  of  yellow. 
The  evidence  for  that  conclusion  Dr.  Demerec  summarizes  as  follows: 

"(1)  The  F]  generation  from  a  cross  between  reddish  and  yellow  is  always 
yellow.  (2)  The  linkage  relations  between  reddish  and  pilose,  sepia,  scute, 
and  vermilion  (e.  g.,  factors  closely  linked  with  yellow)  are  identical  with  those 
between  yellow  and  these  factors.  They  show  that  reddish  is  located  between 
sepia  and  scute  approximately  in  the  same  region  as  yellow." 

pilose  sepia  yellow  scute  vermilion 
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Fig.  3. — Map  of  the  part  of  sex  chromosome 
of  D.  virilis  in  which  yellow  is  located. 

Very  remarkable  is  the  mutability  of  this  character.     Dr.  Demerec  reports : 

"  As  mentioned  in  last  year's  report,  the  F2  generation  from  a  cross  between 
reddish  and  yellow  includes  wild-type  flies  in  addition  to  the  expected  yellow 
and  reddish  classes.  Extensive  tests  with  the  compound  material  involving 
several  factors  located  in  the  yellow  region  of  the  sex-chromosome  show  con- 
clusively that  the  wild-type  flies  have  the  X-chromosomes  in  which  wild  has 
been  substituted  for  reddish. 

"The  mechanism,  by  means  of  which  this  substitution  is  made,  is  not 
known  as  yet.  From  the  results  of  numerous  experiments,  however,  it  is 
evident  that  the  change  is  not  due  to  ordinary  crossing-over.  Since  the 
change  is  hereditary,  the  word  -  mutation '  (used  in  its  broadest  sense)  will  be 
applied  in  describing  it.  It  is  assumed  that  wild-type  flies  found  in  the  F2 
generation  of  the  cross  between  reddish  and  yellow  are  the  result  of  the 
mutation  of  reddish  to  wild  type. 

"In  studying  the  behavior  of  reddish,  more  than  150,000  flies  were  exam- 
ined and  more  than  1,000  mutations  of  reddish  to  wild  were  observed.  The 
main  conclusions  from  these  studies  can  be  summarized  as  follows: 

"All  mutations  of  reddish  to  wild,  so  far  observed,  occurred  in  females. 

"Mutations  occur  only  when  the  female  is  heterozygous,  having  reddish 
in  one  chromosome  and  in  the  other  its  allelomorph  yellow  or  wild. 

"  Mutations  do  not  occur  in  groups,  indicating  that  one  mutation  affects  a 
single  egg.  No  case  of  somatic  mutation  was  observed.  These  observations 
suggest  that  the  mutation  period  is  limited  to  the  time  of  maturation. 

"The  frequency  of  mutations  decreases  rapidly  in  successive  generations 
if  selection  is  not  applied.  The  observed  frequency  being  in  the  second 
heterozygous  generation  25  per  cent,  in  the  third  3.2  per  cent,  fourth  1.2  per 
cent,  fifth  0.64  per  cent,  sixth,  0.083  per  cent,  and  in  the  seventh  none  in  4,041 
individuals. 

"By  selection  it  was  found  possible  to  keep  the  frequency  of  mutations  to 
between  5  and  10  per  cent. 

"From  mutating  stocks  practically  constant  reddish  lines  were  obtained 
by  selection.  Constant  reddish  behaves  in  every  way  like  a  stable  gene 
allomorphic  to  yellow.  There  seems  to  be  no  question  that  the  differential 
(i.  e.,  the  genetic  basis)  for  reddish  behaves  like  an  ordinary  sex-linked  gene 
after  it  has  once  become  fixed. 

"  Females,  having  in  one  chromosome  mutating  reddish  and  in  the  other 
constant  reddish,  so  far,  have  not  given  mutation. 
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"There  is  a  definite  relation  between  the  rate  of  crossing-over  and  mutations. 
When  the  percentage  of  crossing-over  is  calculated  on  the  basis  of  the  flies 
which  came  as  mutations  it  is  increased  in  the  yellow-scute  region  from  0.7  to 
13  per  cent  (about  18  times)  and  it  is  decreased  in  adjoining  regions  (e.  g.,  in 
the  sepia-yellow  region)  from  2  to  0.2  per  cent  and  in  the  scute-vermillion 
region  from  19  to  14  per  cent. 

"The  chromosome  in  which  reddish  has  changed  to  wild  type  behaves  nor- 
mally in  every  respect.  It  gives  normal  crossing-over  values,  and  also  when 
tested  with  mutating  reddish  it  keeps  reddish  mutating. 

"Wild  obtained  as  a  mutation  of  reddish,  so  far  as  tested,  has  never 
mutated  back  to  reddish. 

"It  was  found  that  with  the  age  of  the  female  the  frequency  of  mutation 
decreases." 

EXPERIMENTAL  MODIFICATION  OF  THE  GERM-PLASM. 

Under  this  heading  there  have  been  described  in  earlier  reports  of  this 
Department  some  results  obtained  by  Dr.  Little  and  Dr.  Bagg  in  the  applica- 
tion of  X-rays  to  mice.  The  descendants  of  the  X-rayed  individuals  have, 
in  some  cases,  shown  abnormalities  of  eyes,  face,  and  feet  which  have  re- 
curred in  successive  generations. 

As  noted  in  last  year's  report  Dr.  MacDowell  has  begun  cooperating  with 
Dr.  Bagg  of  the  Memorial  Hospital,  New  York  City,  in  a  repetition  of  these 
experiments,  to  see  if  the  results  can  be  obtained  again.  At  the  time  of 
the  last  report  positive  results  had  not  been  obtained.  The  breeding  for  this 
experiment,  which  is  more  rigidly  controlled  than  any  made  before,  has 
been  continued  throughout  the  year  and  the  following  results  from  mice 
raised  at  least  4  weeks  are  presented  by  Dr.  MacDowell. 

"The  inbred  descendants  from  one  X-rayed  ancestor  total:  first  generation, 
163;  second  generation,  765;  third  generation,  615.  From  2  X-rayed  ances- 
tors, first  generation  22,  second  generation  493,  third  generation,  233.  Con- 
trol matings  from  the  same  mice  before  treatment  have  given:  first  genera- 
tion, 229  mice;  second  generation,  961;  third  generation,  1,416.  Among  the 
1,543  descendants  from  one  treated  ancestor  4  mice  (0.2  per  cent)  with  abnor- 
mal eyes,  ear,  or  jaws  were  found.  Among  the  748  descendants  from  matings 
with  both  animals  treated  no  abnormalities  were  found.  Among  the  2,606 
descendants  from  matings  before  any  treatment,  10  mice  (0.4  per  cent)  with 
abnormalities  of  the  eye,  jaw,  or  skull  were  found. 

"A  second  experiment,  also  with  the  cooperation  of  Dr.  H.  J.  Bagg  of  the 
Memorial  Hospital,  has  been  undertaken,  using  a  different  strain  of  mice,  but 
the  same  X-ray  treatment  and  breeding  technique  as  in  the  above  experiment; 
only  4  females  and  1  male  were  treated.  In  the  matings  involving  one 
X-rayed  parent  the  following  number  of  mice,  reared  to  4  weeks,  have  been 
examined  for  abnormalities:  first  generation,  111;  second  generation,  393; 
third  generation,  185.  In  the  matings  between  2  treated  mice:  first  genera- 
tion, 54;  second  generation,  362;  third  generation,  177.  The  control  young 
number:  46  in  the  first  generation,  698  in  the  second,  713  in  the  third.  Three 
abnormalities  (0.4  per  cent)  appeared  among  the  689  mice  with  one  treated 
ancestor;  one  of  these  involving  the  eye  was  in  the  first  generation.  Two  (0.3 
per  cent)  of  the  593  mice  with  two  treated  ancestors  showed  abnormalities 
of  the  head.  Of  the  1,457  controls,  5  (0.3  per  cent)  abnormal  mice  were 
recorded;  these  abnormalities  involved  the  eye,  foot,  nose,  jaw,  or  skull.  In 
many  cases  the  abnormalities  appeared  on  mice  found  dead  at  birth,  or  before 
maturity.     Of  those  that  could  be  tested  genetically  none  gave  evidence  of 
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Mendelian  inheritance,  although  the  reappearance  of  an  abnormal  eye  in 
succeeding  generations  parallels  the  irregular  occurrence  of  eye  abnormalities 
in  certain  families  of  the  Bagg  albino  strain  and  suggests  that  the  genetic 
constitution  of  the  family  plays  a  part  in  the  frequency  of  abnormalities.  But 
as  far  as  the  influence  of  the  X-ray  treatment  is  concerned,  the  consistency  of 
the  rate  of  occurrence  of  abnormalities  in  the  different  parts  of  the  experi- 
ments and  in  the.  two  strains  is  evidence  bearing  toward  the  conclusion  that 
most  of  the  abnormalities  found  were  due  to  certain  conditions  during  develop- 
ment that,  in  general,  are  met  by  3  or  4  mice  in  every  thousand,  rather  than 
to  a  specific  genetic  constitution,  preexisting  or  experimentally  produced. 
This  case  falls  in  line  with  a  rapidly  growing  list  of  characters,  identical  in 
their  final  stage,  which  may  be  attained  by  a  chain  of  causation  extending 
to  the  germinal  material  or  only  to  some  non-genetic  source. 

"With  such  a  mass  of  negative  results  with  the  use  of  the  original  X-ray 
dosage,  it  has  seemed  wise  to  employ  heavier  doses.  In  view  of  the  relatively 
enormous  doses  Snyder  had  to  use  in  order  to  induce  sterility  in  rats,  this 
seemed  especially  advisable.  The  desirable  treatment  would  cause  sterility 
in  a  given  time  so  the  germ-cells  close  to  the  border  line  could  be  used  for  the 
genetic  testing.  The  first  step  in  determining  a  satisfactory  dose  is  to  estab- 
lish the  sterilizing  limit.  Accordingly  experiments  are  in  progress  testing  the 
treatment  necessary  to  cause  sterility  in  males,  with  a  reduced  spark  dis- 
tance and  the  time  of  exposure  increased  from  a  divided  dose  totalling  60  sec- 
onds to  one  continuous  treatment  of  10,  15,  or  20  minutes.  Only  young 
males  and  females  of  proved  fertility  are  used,  each  treated  male  being  given 
weekly  a  new  box  of  6  females.  Preliminary  results  indicate  that  these 
treatments  will  cause  sterility,  at  least  temporarily,  by  the  second  week  after 
treatment.  All  but  the  20-minutes  dose  left  the  males  fertile  in  the  first  week. 
This  agrees  with  results  previously  reported  to  the  effect  that  the  X-ray  treat- 
ment does  not  cause  an  immediate  suspension  of  fertility,  as  was  supposed  to 
be  the  case  in  the  original  experiment." 

SEX  STUDIES. 

In  the  development  of  modern  genetical  studies  it  early  appeared  that 
the  group  of  primary  and  secondary  characters  associated  with  sex  were  in 
some  way  tied  up  with  a  special  chromosome  called  the  sex-chromosome.  In 
the  attempt  to  find  out  how  any  chromosome  directs  the  development  of 
adult  traits,  the  chain  of  events  leading  from  sex-chromosome  to  adult  sex- 
qualities  seemed  that  which  would  be  most  useful  to  follow ;  and  we  have  traced 
parts  of  this  chain  in  several  species  in  pigeons,  in  mucors,  and  in  the  fluids  of 
many  other  organisms. 

SEX  DIFFERENTIAL. 

Under  a  grant  received  by  the  Department  from  the  Committee  of  the 
National  Research  Council  for  Research  on  Sex  Problems,  Dr.  Blakeslee 
has  been  continuing,  with  Miss  Sophia  Satina,  his  studies  on  the  fundamental 
differences  between  the  sexes  in  the  mucors.  While  evidence  continued  to 
accumulate  that  the  Plus  races  of  mucors  have,  on  the  average,  a  greater 
reducing  capacity  of  certain  salts  of  the  rare  earths  than  the  Minus  races,  a 
new  phase  of  the  investigation  was  entered  upon  with  the  application  of  the 
Manoilov  test  to  this  material.  By  such  application  it  appeared  at  once  that 
the  Plus  races  give  the  same  reaction  as  the  female  sex  in  the  higher  forms. 
The  test  has  been  tried  with  about  100  races  of  mucors.  It  was  found  pos- 
sible correctly  to  identify  the  sex  of  slightly  over  90  per  cent  of  the  individuals 
tested.     The  reaction  as  so  far  used  by  Dr.  Blakeslee  and  Miss  Satina  is, 
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therefore,  not  capable  of  giving  100  per  cent  correct  identifications  of  the 
sex  in  any  of  the  species  extensively  tested,  but  in  all  it  does  appear  to  give  a 
high  proportion  of  such  determinations. 

As  related  elsewhere  Miss  Satina  and  Dr.  Banta  have  secured  positive 
results  in  the  application  of  the  Manoilov  reaction  to  Cladocera,  and  some 
studies  are  being  made  on  the  blood  of  mammals  and  birds. 

PIGEONS. 

Guiding  Principles  in  Sex  Studies. 

For  the  past  11  years  Dr.  Oscar  Riddle  has  continued  at  this  Department 
researches  on  sex  and  the  general  physiology  of  reproduction  in  pigeons. 
He  has  published,  during  the  year  under  review,  certain  of  his  conclusions 
resulting  from  an  analysis  and  consideration  of  the  kind  of  information  re- 
quired for  an  adequate  knowledge  of  any  hereditary  characters.  He  has 
summarized  this  paper  as  follows: 

"Present  studies  on  heredity  and  evolution  offer  what  is  mainly  a  two-sided 
attack  on  a  many-sided  problem.  An  attempt  to  identify  the  radically 
diverse  aspects  necessary  to  the  comprehension  of  any  hereditary  character, 
together  with  a  concrete  examination  of  these  neglected  attackable  aspects 
of  the  subject,  brings  into  clearer  view  the  inadequacy  of  the  present  attack. 
Some  of  these  deficiencies  are  such  as  can  be  adequately  met  only  through  a 
wide  inter-departmental  cooperative  effort.  On  contemporary  students  of 
heredity  and  evolution  and  on  laboratories  devoted  to  studies  in  this  field 
rests  the  responsibility  of  obtaining  this  cooperation,  and  of  so  directing  some 
of  their  main  efforts  that  the  results  of  this  cooperative  effort  may  soon  be 
attained.  Where  individuals  or  laboratories  are  already  prepared  to  con- 
duct this  type  of  work  it  should  receive  immediate,  active,  and  encouraging 
support.  Our  knowledge  of  heredity  will  be  more  advanced  by  securing  all 
the  kinds  of  fact  necessary  to  an  understanding  of  some  one — any  one — 
character  than  by  a  duplication  of  much  information  of  a  few  kinds  on  many 
characters.  At  the  present  time,  sex  is  one  favorable  character  for  such  a 
comprehensive  study.  Heredity,  as  a  branch  of  science,  is  assuming  new 
aspects  which  give  it  an  ever-increasing  human  value  and  a  greatly  increased 
human  interest." 

Seasonal  Variation  of  Thyroid  Size  in  Pigeons. 

Dr.  Riddle,  in  collaboration  with  Mr.  Walter  S.  Fisher,  has  summarized 
and  published  the  results  of  a  3-year  study  of  seasonal  variation  in  thyroid 
size  in  three  kinds  of  pigeons.  These  results  provide  a  notable  contribution 
to  our  knowledge  of  the  thyroid  gland.  They  were  sought  and  obtained, 
however,  partly  to  learn  a  natural  method  of  classifying  the  months  of  the 
year  into  breeding  seasons,  in  place  of  the  classification  on  a  purely  arbitrary 
basis  hitherto  used. 

The  results  of  the  study  have  been  summarized  by  Dr.  Riddle  as  follows : 

"Three  kinds,  or  species,  of  pigeons  were  kept  on  the  same  diet  through- 
out the  year  and  individuals  killed  during  each  of  the  months  of  a  3-year 
period.  The  weights  of  the  thyroids  from  these  3  species  indicate  a  nearly 
simultaneous  enlargment  in  autumn  and  winter  months  and  a  progressive 
decrease  in  size  during  the  months  of  spring  and  summer. 

"These  size  changes  promptly  follow  the  onset  of  colder  autumn,  and 
warmer  vernal  temperatures.  Promptness  of  change,  rather  than  evident 
delay,  is  indicated  by  practically  all  of  the  data  obtained. 
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"This  seasonal  enlargement  of  the  thyroid  is  probably  associated  with 
seasonal  increase  of  thyroid  function  and  increased  heat  production. 

"The  changes,  as  measured,  are  probably  essentially  free  from  the  com- 
plicating effects  of  variations  in  the  diet,  care,  locality,  race,  age,  length  or 
degree  of  confinement,  health,  or  body-size  of  the  animals  used  in  the  study. 

"Earlier  studies  on  seasonal  changes  in  thyroid  size,  and  on  size  changes 
induced  by  subjection  of  animals  to  short  periods  of  heat  and  cold,  have  been 
considered  at  length.  Some  probable  inaccuracies  of  the  data  previously 
obtained  on  seasonal  changes  in  thyroid  size  of  mammals  have  been  pointed 
out.  Data  of  these  two  kinds  have  been  shown  to  be  related,  and  evidently 
in  better  accord  than  was  hitherto  apparent. 

"This  considerable  body  of  earlier  and  present  data  suggests  and  supports 
the  following  generalization:  Normally  and  typically  the  thyroids  of  higher 
vertebrates  respond  promptly  to  autumn  temperatures  by  enlargement ;  and 
to  spring  and  summer  temperature  by  a  decrease  in  size;  and  these  responses 
are  capable  of  being  induced  by  the  temperature  alone. 

"The  seasonal  changes  in  thyroid  size  observed  in  pigeons  have  a  direct 
and  important  application  to  the  seasonal  changes  in  sex-ratios  and  in  repro- 
ductive processes  as  these  have  been  previously  observed  in  this  laboratory. 
The  season  of  active  reproduction  in  the  pigeon  covers  the  period  of  decline 
of  thyroid  size — from  its  peak  to  its  lowest  point.  The  period  of  excess  of 
male  offspring  coincides  with  the  period  of  larger  thyroid  size;  the  period  of 
excess  of  females  is  coincident  with  the  period  of  smallest  thyroid  size. 

"These  results  in  the  pigeon  are  also  in  full  agreement  with  the  thyroid-sex 
data  obtained  by  Adler  on  frogs.  They  supply  new  evidence  that  in  both 
bird  and  frog  the  successful  experimental  modifications  of  sex-differentiation 
have  been  effected  through  changes  in  the  rate  of  metabolism  in  the  ova  and 
early  embryos." 

Reciprocal  Seasonal  Size  Changes  in  Thyroids  and  Gonads. 

Data  showing  that  the  gonads  of  pigeons — both  ovaries  and  testes — 
undergo  opposite  seasonal  size  changes  to  those  found  in  the  thyroids  have 
been  summarized  and  published.  These  results  connect  the  thyroid  with 
changes  in  the  sexual  glands  of  the  parent  animals  and  reinforce  the  con- 
clusions of  the  paper  summarized  immediately  above.  Dr.  Riddle  abstracts 
his  paper  as  follows : 

"Data  are  given  showing  coincident  seasonal  changes  in  the  weight  of 
thyroids,  testes,  and  ovaries  of  three  kinds  of  pigeons. 

"The  seasons  (autumn  and  winter)  of  increased  thyroid  size  are  seasons 
of  diminished  size  of  testis  and  ovary.  The  actual  reduction  of  gonadal 
tissue  is  probably  greater  in  testis  than  in  ovary.  The  seasons  (spring  and 
summer)  of  decreased  thyroid  size  are  seasons  of  increased  size  of  testis  and 
ovary. 

"The  seasons  of  free  or  frequent  ovulation  coincide  with  periods  of  de- 
creased thyroid  size  and  of  increased  gonad  size.  The  period  of  restricted 
ovulation — and  of  numerous  clutches  composed  of  single  eggs — coincides 
with  the  period  of  enlargement  in  the  thyroid. 

"One  species  of  pigeon  which  has  at  all  seasons  a  large  amount  of  thyroid 
tissue  in  relation  to  ovarian  tissue  has  a  markedly  less  ovulation,  or  egg- 
producing,  capacity  than  have  two  other  species  with  small  thyroids  and  large 
ovaries. 

"These  reciprocal  size  changes  do  not  represent  mere  coincidence;  they 
probably  reflect  actual  functional  relationships  of  these  organs. 
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"The  data,  however,  are  not  regarded  as  evidence  for  a  general  antagonistic 
action  of  thyroid  and  gonad.  Both  of  these  organs  exercise  functions  which 
are  related  both  to  sex  and  to  reproduction.  Antagonism  is  here  suggested 
only  between  the  seasonally  enlarged  thyroid  and  a  single  reproductive  func- 
tion, namely,  ovulation  and  spermatogenesis.  This  apparent  antagonism 
may  rest  upon  opposed  actions  of  the  thyroid  and  suprarenal." 

A  Study  op  a  Large  Fraternity  op  "Family  Hybrids." 

"Earlier  experience  (involving  about  15  different  matings)  with  a  par- 
ticular cross  of  pigeons  belonging  to  two  different  zoological  families  has 
shown  that  males  only  (i.  e.,  birds  bearing  testis-like  organs)  result  from  this 
cross.  In  all  cases  hitherto  observed  the  percentage  of  infertility  of  the  eggs 
was  so  high  (often  80  to  90  per  cent)  that  there  was  always  a  possibility  of  the 
selective  development  of  (a  part  of)  the  male-producing  ova.  In  a  breed- 
ing test  conducted  during  1923,  24  of  the  28  eggs  produced  were  fertile,  and 
this  percentage  of  infertility  was  found  to  be  less  than  when  the  female  was 
mated  to  a  male  of  her  own  species.  From  24  fertile  eggs,  19  males  were  pro- 
duced. Moreover,  11  consecutive  eggs  produced  males.  Calculation  of 
probabilities  here  indicates  that  11  consecutive  males  would  be  expected  to 
occur  in  such  a  test  only  once  in  9,384  trials,  and  19  males  from  24  eggs  is 
expected  only  once  in  395  trials.  Both  of  these  expectations  were  actually 
realized  in  the  first  trial  in  which  as  many  as  11  young  were  produced. 

"Other  studies  have  been  completed  on  this  material.  14  members  of  the 
fraternity  lived  to  maturity.  It  was  found  on  autopsy  that  8  of  these  had 
larger  right  testes — a  condition  characteristic  of  a  normal  male  pigeon;  and 
that  6  of  the  14  had  larger  left  gonads — a  characteristic  of  the  normal  female. 
Further,  2  of  these  14  birds  had  well-developed  left  oviducts.  These  condi- 
tions, therefore,  in  addition  to  the  above-noted  probabilities,  afford,"  Dr. 
Riddle  concludes,  "convincing  evidence  that  some  ova  with  the  zygotic  con- 
stitution of  females  developed  into  birds  bearing  testis-like  gonads. 

"Finally,  in  order  to  obtain  an  entirely  adequate  test  of  the  nature  of  these 
gonads,  all  of  the  14  pairs  of  adult  testes  have  been  sectioned  and  carefully 
searched  for  ovarian  tissue."  In  this  part  of  the  work  he  was  assisted  by 
Mr.  Daniel  Ludwig.  "In  a  thorough  and  painstaking  examination  no 
ovarian  tissue  could  be  found  in  the  case  of  any  gonad;  and  spermatozoa  and 
typical  testicular  tubules  were  found  in  every  case." 

Right  and  Left  Gonads  in  Birds. 

Dr.  Riddle  has  continued  his  investigation  of  the  relative  size  of  the 
gonads  of  birds  as  an  index  of  their  relative  sexuality.  In  male  pigeons 
the  right  testis  is  usually  larger  than  the  left,  but  under  conditions  of  con- 
finement, disease,  hybridity,  and  in  relation  to  the  acme  of  sexual  activity, 
this  relation  may  change.  A  further  examination  of  the  gonads  of  wild 
species  affords  additional  evidence,  some  parts  of  which  seem  opposed  to 
other  parts,  and  the  conditions  found  are  sometimes  difficult  to  interpret. 
In  the  main,  however,  the  new  data  indicate,  in  Dr.  Riddle's  view,  that  the 
exceptions  to  the  presence  of  larger  right  testis  are  fewer  than  was  earlier 
supposed,  and  that  the  exceptions  are  fewer  at  the  height  of  the  birds'  breed- 
ing season  than  at  other  periods  of  the  year.  Dr.  Riddle  finds  that  it  is  not 
rare  for  the  right  ovary  to  persist  in  feral  individuals  of  various  families  of 
birds.  This  is  opposed  to  the  views  of  Benoit  who,  having  observed  the 
appearance  of  right  testis  in  female  chicks,  ovariectomized  when  young,  has 
sponsored  the  view  that  the  suppressed  right  ovary  of  birds  is  in  reality,  and 
in  zygotic  constitution,  a  testis. 
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"The  numerous  cases  of  incompletely  suppressed  right  ovaries  in  many- 
kinds  of  birds  has  been  cited  to  demonstrate  the  truly  ovarian  character  of 
this  gland,  and  to  indicate  that  Benoit  has,  in  fact,  accomplished  true  sex- 
reversal  in  his  ovariectomized  chicks." 

MAMMALS. 
Primary  Sex  Ratio  in  Mice. 

Dr.  MacDowell  reports  on  this  topic  as  follows: 

"Since  the  fact  of  a  higher  proportion  of  males  than  females  at  birth  can 
not  be  doubted,  the  theory  that  male  embryos  are  more  liable  to  die  demands 
the  corollary  that  the  sex-ratio  at  the  time  of  conception,  the  primary  sex- 
ratio,  is  very  high.  Estimates  of  the  primary  sex-ratio  in  man,  obtained  by 
adding  all  cases  of  sexed  abortions  to  the  living  births,  range  from  108  to  134. 

"Among  the  litters  of  mice  for  which  the  number  of  corpora  lutea  and  the 
sexes  were  known,  certain  ones  were  found  with  no  prenatal  mortality,  that 
is,  litters  in  which  the  number  of  young  was  no  less  than  the  number  of  corpora 
lutea.  The  sex  ratios  given  by  these  litters  has  been  unmodified  by  losses 
before  birth  and  accordingly  reveals  directly  the  primary  sex-ratio.  Of 
such  litters,  109  have  been  found.  These  total  427  males  and  428  females — 
as  close  to  equality  as  possible  with  an  odd  number  of  animals.  The  equality 
in  the  totals  has  been  closely  maintained  as  the  cases  were  accumulating. 
This  result  is  consistent  with  the  findings  on  the  relation  between  the  pre- 
natal mortality  and  sex-ratio  in  mice,  but  calls  in  question  the  high  primary 
sex-ratios  proposed  for  man;  it  presents  the  ratio,  1:1,  demanded  by  the  well- 
supported  theory  of  equal  numbers  of  male  and  female  determining  sperm, 
without  doubtful  subsidiary  hypotheses.  A  fuller  discussion  of  these  results 
is  given  in  a  paper,  Data  on  the  Primary  Sex-Ratio  in  the  Mouse,  now  in  press." 

Prenatal  Mortality  and  Sex  Ratios. 

Human  statistics  have  led  numerous  authors  to  conclude  that  the  male 
foetus  is  more  liable  to  death  than  the  female,  since  in  abortions  there  appears 
to  be  a  strong  tendency  for  the  proportion  of  males  to  decrease  as  the  age  of 
the  foetuses  increases.  While  this  seems  to  be  unquestionable  for  the  later 
stages,  the  absence  of  records  for  the  very  early  stages  of  gestation  and  the 
difficulty  of  sexing  correctly  the  abortions  that  occur  about  the  third  month 
(and  these  include  the  majority  of  all  recorded  cases)  raises  a  doubt  as  to  the 
applicability  of  this  generalization  to  the  whole  period  of  gestation.  Until 
some  method  is  found  for  determining  the  whole  total  prenatal  loss  in  man, 
studies  on  animals  must  be  made.  Since  the  corpora  lutea  of  pregnancy 
found  in  the  ovaries  of  litter-bearing  mammals  record  the  number  of  ova  that 
began  the  pregnancy,  it  is  possible  to  judge  the  prenatal  mortality  in  each 
litter  by  comparing  the  number  born  with  the  number  of  the  corresponding 
corpora  lutea. 

Records  have  been  made  by  Dr.  MacDowell  of  the  number  of  corpora 
lutea  associated  with  840  litters  of  mice  and  of  the  sexes  of  the  young  born 
in  each  of  these  litters.  The  analysis  of  these  data  leads  unquestionably  to 
the  conclusion  that  the  sex-ratio  of  the  young  at  birth  does  not  decline  as  the 
prenatal  mortality  increases.  When  the  litters  are  classified  according  to  the 
percentage  of  prenatal  mortality,  the  proportion  of  males  fluctuates  above 
and  below  50  per  cent  in  passing  from  low  to  high  values  of  mortality.  The 
coefficients  of  correlation  show  the  same  absence  of  relationship  between  the 
13  enatal  mortality  and  the  sex-ratio;  in  different  sub-divisions  of  the  experi- 
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ment  the  correlation  coefficients  are:  +0.077±0.045;  -0.015±0.053; 
+0.032 ±0.052.  This  subject  has  been  treated  more  fully  in  a  paper  by 
Dr.  MacDowell  entitled:  The  Relative  Viability  of  Male  and  Female  Mouse 
Embryos,  now  in  press. 

CLADOCERA. 

Male  Production  in  Moina  macrocopa. 

During  the  past  year  Dr.  A.  M.  Banta  has  continued  experiments  which 
he  is  carrying  out,  in  cooperation  with  Mr.  L.  A.  Brown  of  Harvard  Uni- 
versity, on  the  calling  forth  of  males  in  parthenogenetic  species  of  cladocera 
that  ordinarily  produce  only  females.  Earlier  results  had  shown  that, 
through  crowding  of  females,  males  are  called  forth  in  large  numbers  in  the 
presence  of  some  products  of  catabolism  and  of  low  temperature.  That  is, 
an  unripe  ovum,  which  under  ordinary  circumstances  would  give  rise  to  a 
female,  under  these  unusual  conditions  undergoes  a  modified  development 
and  produces  a  male  individual.  Banta  and  Brown  now  find  that  with  the 
use  of  temperatures  at  12°  C.  bottles  containing  only  single  mothers  produced 
as  high  a  percentage  of  males  as  2  and  3-mother  bottles  and  produce  a  per- 
centage of  males  which  is  normal  for  fully  crowded  bottles  at  laboratory 
temperatures.     Hence,  Dr.  Banta  reports: 

"The  normal  male  percentages  for  male-producing  bottles  are  obtained 
without  any  element  of  crowding.  Thus  the  accumulation  of  a  'balance  of 
execretory  products'  is  eliminated  as  an  essential  factor  in  male  production. 

"Series  of  experiments  with  mothers  crowded  to  various  degrees  have 
yielded  data  showing  a  remarkably  close  correlation  between  (1)  the  degree 
of  crowding,  (2)  the  amount  of  retardation  of  the  production  of  young,  and 
(3)  the  percentage  of  males  produced.  Curves  constructed  using  values  for 
any  two  of  these  items  approximate  straight  lines.  It  is  possible  to  estimate 
fairly  closely  any  one  of  these  factors  if  both,  or  either,  of  the  other  factors 
is  known." 

Chloretone  was  found  to  be  an  agent  (when  a  single  dose  is  applied  shortly 
before  the  critical  period)  for  the  determination  of  the  sex  of  the  ovarian 
egg,  inasmuch  as  it  increases  male  production  in  a  semi-crowded  bottle.  This 
increase  of  male  production  is  accompanied  by  delayed  reproduction.  How- 
ever, the  use  of  chloretone  is  uncertain,  as  the  animals  apparently  quickly 
recover  from  its  effects. 

The  delay  of  reproduction  associated  with  increased  male  production 
seems  to  be  a  general  phenomenon.  The  average  observed  difference  in 
the  time  at  which  sisters  in  the  same  bottle  who  produce  female  young  and 
male  young  release  their  broods  was  39  minutes  in  455  observations;  the 
difference  being  about  8  times  the  statistical  probable  error. 

Other  agents  which  have  been  tested  as  to  influence  on  the  calling  forth  of 
males  are  as  follows : 

Crowded  mothers,  treated  when  their  eggs  were  near  their  critical  period 
with  sufficient  alcohol  to  render  their  culture  medium  to  between  0.2  per 
cent  to  0.1  per  cent  alcoholic,  produced  only  one-third  as  many  males  as 
control,  untreated  bottles.  Desiccated  ox  thyroid  gland  has  given  results 
similar  to  those  obtained  with  light  alcoholic  treatment.  Desiccated  adrenal 
cortex,  of  the  ox,  applied  to  crowded  bottles  practically  eliminated  male 
production.    Thus  in  32  such  experiments  "the  crowded  controls  produced 
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21.5  per  cent  males,  while  crowded  sisters,  treated  with  adrenal  cortex  before 
the  critical  period  produced  only  0.3  per  cent  males.  These  32  experiments 
involved  802  mothers  and  over  6,700  young.  This  very  low  percentage  of 
males  produced  by  adrenal-cortex  treated  mothers  approximates  that  arising 
from  the  exceptional  production  (from  causes  unknown)  of  males  by  isolated 
mothers  at  laboratory  temperature.  Theoretically  then  adrenal-cortex 
treatment  eliminates  male  production  otherwise  caused  by  the  effects  of 
crowding." 

The  precise  way  in  which  lowered  temperature  and  generally  depressing 
agents  induce  the  production  of  males  remains  undetermined.  The  agents 
are  such  as  lower  the  rate  of  development  of  mothers,  retard  metabolism, 
in  general,  reduce  the  irritability  of  the  protoplasm  of  all  cells  of  the  body, 
including  the  germ-mother  cells.  What  is  clear  is  that  the  agent  is  effective 
when  applied  to  the  reproducing  organism  within  about  4  hours  before  the 
eggs  are  extruded  into  the  brood  pouch.  This,  doubtless,  corresponds  with 
the  period  of  the  ripening  of  the  egg. 

Male  Production  in  Daphnia  magna. 

While  the  work  done  on  male  production  has  been  chiefly  on  Moina  macro- 
copa  which  tolerates  a  higher  temperature  range  than  most  of  the  laboratory 
stock  of  Cladocera,  some  experiments  have  been  made  on  Daphnia  magna, 
the  range  of  temperatures  for  whose  activities  are  much  below  those  of  Moina. 
Daphnia  magna,  because  of  its  physiological  difference  from  Moina  macrocopa, 
was  selected  for  certain  work  on  male  production  and  some  experiments  have 
been  made  with  this  form  by  Miss  Thelma  Wood. 

"This  form  reproduces  slowly  for  a  cladoceran  and  appears  less  amenable 
to  control  measures  than  Moina.  While  the  experiments  have  not  been  car- 
ried very  far  the  indications  are  that  its  reactions  in  male  production  are 
similar  to  those  of  Moina  and  the  other  species  previously  worked  with,  viz., 
that  crowding  and  low  temperature  are  factors  favoring  male  production." 

The  Thelytokous  Cladocera  Race. 

Dr.  Banta  reports  that: 

"The  work  with  the  thelytokous  race  of  Cladocera,  which  produces  pseudo- 
sexual  eggs  which  hatch  without  fertilization,  has  been  completed  and  is  in 
press,  together  with  a  paper  by  Dr.  Franz  Schrader  of  Bryn  Mawr  on  the 
cytology  of  the  pseudo-sexual  eggs.  Dr.  Schrader  finds  that,  as  was  antici- 
pated, there  is  some  cytologically  peculiar  behavior  but  that  the  ordinary 
parthenogenetic  eggs  in  this  form  share  in  the  peculiar  behavior.  The  point 
of  most  interest  is  that  the  pseudo-sexual  eggs  do  not  undergo  reduction,  as 
they  are  believed  to  do  in  Cladocera  in  normal  sexual  reproduction." 

Hybridizing  Mutant  Stocks  op  Cladocera. 

Attempts  have  been  made,  in  cooperation  with  Mrs.  George  G.  Snider,  to 
secure  hybrids  between  the  different  mutant  stocks  of  Daphnia  longispina. 
The  results,  if  any,  will  be  reported  next  year. 

A  Biochemical  Reaction  Associated  with  Sex  in  Cladocera. 

Miss  Satina,  in  cooperation  with  Dr.  Banta,  has  applied  the  Manoilov 
test  to  some  Cladocera  material.  Samples  of  Cladocera  fresh  from  a  pond 
were  separated  into  three  groups,  (1)  females  bearing  sexual  eggs  (about 
200  individuals),  (2)  adult  males  of  the  same  Cladocera  form  (about  350),  and 
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(3)  females  of  another  type  of  Daphnia,  the  maleless  race,  which  were  bearing 
the  usual  parthenogenetic  eggs.  Samples  of  equal  weight  (after  removing  all 
possible  water  by  means  of  filter  paper)  were  tested.  The  sexual  female 
samples  gave  a  pronounced  violet  coloration.  The  parthenogenetic  females 
showed  a  similar  color,  but  with  much  less  intensity.  The  males  showed  no 
coloration.  This  reaction  is  quite  in  accord  with  that  obtained  by  Miss 
Satina  and  others  for  the  two  sexes  of  many  plants  and  animals  and  extends 
the  application  of  the  Manoilov  reaction  to  Crustacea. 

Completion  of  the  Selection  Experiments  with  Sex-Intergrades  op  Simo- 
cephalus  exspinosus  and  daphnia  longispina. 

"These  selection  experiments  were  conducted  for  a  period  of  4  years  with 
the  former  species  and  7}4  years  with  the  other.  In  a  strain  of  Cladocera 
sex-intergrades,  the  intergrade  character  is  quite  variable  in  its  manifesta- 
tion. This  suggested  the  possibility  that  individuals  manifesting  the  sex- 
intergrade  characters  to  a  higher  degree  might  be  genetically  different  from 
those  less  intergrade.  In  general,  however,  such  is  not  the  case — a  'low' 
intergrade  produces  as  many  intergrades  and  as  high  intergrades  as  a  '  high ' 
intergrade  of  the  same  strain,  except  when  a  mutation  occurs.  In  order  to 
demonstrate  and  to  utilize  such  mutations  as  might  occur  the  selection 
experiments  were  planned. 

"The  simple  procedure  was  as  follows:  In  certain  strains  only  highly  inter- 
grade individuals  were  selected  as  mothers  with  which  to  continue  the  strain. 
These  were  the  selected  'high'  strains.  In  other  strains  only  slightly  inter- 
grade mothers  were  used  in  the  selections.  These  were  the  'low'  strains. 
The  results  are  that  selection  is  effective.  The  selected  high  strains  sooner 
or  later  became  as  high  in  intergrade  characters  as  was  compatible  with  con- 
tinued functioning  in  reproduction.  The  low  strains  became  less  and  less 
intergrade  until  some  of  them  produced  very  few  of  even  the  slightest  inter- 
grade individuals.  Indeed  some  of  the  Simocephalus  low  strains  ceased  to 
show  intergrade  characters  at  all.  Curves,  plotting  average  grades  of  inter- 
gradedness  by  generation,  show  evidence  of  mutations  having  occurred  at 
various  points.  Return  selection  was  likewise  successful;  a  low  or  a  high 
strain  if  subjected  to  reverse  selection  may  become  after  a  time  a  strain  of 
the  reverse  type.  We  have  selected  from  low  to  high  and  back  to  low  again; 
and  from  high  to  low  and  back  to  high  again. 

"At  the  close  of  the  selection  work  with  Daphnia  longispina  inter- 
grades two  types  of  'test'  series  were  conducted.  One  consisted  in  taking 
high  mothers  and  low  mothers  (sisters)  from  a  single  moderately  high  strain, 
subjecting  them  simultaneously  to  identical  treatment  and  carefully  record- 
ing by  arbitrary  numerical  values  the  degree  of  intergradedness  of  their 
young.  14  high  mothers  with  an  average  grade  of  28.7  produced  554  young 
with  an  average  grade  of  18.5;  while  an  equal  number  of  low  mothers  (clutch- 
mates  of  the  high  mothers)  with  an  average  grade  of  11.6  produced  590  de- 
scribed young  with  an  average  grade  of  14.2.  The  average  grade  of  young 
from  the  low  mothers  was  thus  somewhat  lower  than  that  from  the  high 
mothers.  This  is  apparently  due  to  the  fact  that  two  of  these  low  mothers 
were  really  mutants  in  the  low  direction.  Even  disregarding  this  probable 
mutation  it  is  clear  that  the  offspring  of  high  and  of  low  mothers  of  the  same 
strain  differ  very  little,  and  that  genetically  high  and  low  mothers  from  the 
same  strain  are  approximately  equal. 

"The  other  'test'  was  made  by  taking  low  mothers  of  a  high  strain  simul- 
taneously with  mothers  of  identical  grade  from  a  low  strain,  subjecting  them 
to  identical  conditions,  and  numerically  grading  the  young.     12  mothers  (of 
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average  grade  of  10.58)  from  one  of  our  high  strains  were  thus  kept  side  by 
side  with  12  mothers  of  the  same  grade  from  a  moderately  low  strain.  The 
564  young  from  the  high  strain  had  an  average  grade  of  20.3;  while  the  543 
young  from  mothers  of  identical  grade  but  from  the  low  strain  had  an  average 
grade  of  only  1.9  or  only  one-tenth  as  high.  Hence  it  is  clear  that  all  the  in- 
dividuals within  a  given  strain  are  genetically  alike  (except  as  a  mutation 
arises)  so  that  high  or  low  mothers  produce  the  same  grade  of  offspring;  and 
that  the  grade  of  offspring  of  a  mother  with  a  given  degree  of  intergradedness 
is  correlated  not  with  the  mother's  grade  (unless  she  chances  to  be  a  mutant), 
but  with  the  genetic  constitution  of  the  strain  to  which  she  belongs. 

"The  two  strains  from  which  mothers  of  the  same  grade  were  used  in  the 
test  series  mentioned  above  were  originally  genetically  quite  similar.  After 
the  period  of  selection,  involving  the  occasional  utilization  of  a  mutation,  they 
were  markedly  divergent.  The  interpretation  perhaps  most  favored  by  these 
results  is  that  sex-intergradedness  is  due  to  a  single  complex  genetic  factor; 
that  this  factor  may,  not  frequently,  undergo  a  minor  change;  that  such  a 
minor  change  may  later  be  followed  by  another  change  in  the  same  direction 
(thus  accounting  for  the  cumulative  effect  of  selection) ;  and  that  changes  are 
readily  reversible  (this  accounting  for  the  success  of  return  selection) . 

"  Equally  successful  selection  experiments  are  being  conducted  with  another 
mutant  character,  excavated  head,  which  likewise  yields  to  selection  and  to 
which  the  same  interpretation  may  be  applied." 

GENETICS  OF  SPECIAL  TRAITS. 

ALBINISM  IN  MAIZE. 

Continued  genetic  analysis  of  white  seedlings  has  been  continued  by  Dr. 
M.  Demerec,  in  cooperation  with  Dr.  R.  A.  Emerson  of  Cornell  University. 
The  results  obtained  indicate  that  in  the  great  majority  of  varieties  of  white 
seedlings  which  were  investigated  the  condition  is  determined  by  genetically 
different  factors. 

"Since  the  material  used  in  the  study  of  albinism  in  maize  involved  several 
other  factors"  Dr.  Demerec  found  it  "possible  to  use  the  same  material  to 
study  the  linkage  relations  between  those  factors.  In  this  way  five  linkages 
were  found  in  the  past  year,  e.  g.,  a  linkage  between  Wn-Wn  and  Sh-sh  with 
22  per  cent  crossing-over,  a  linkage  between  D3-d3  and  Sh-sh  with  23  per 
cent  crossing-over,  a  linkage  between  Gm2-gm2  and  R-r  with  31  per  cent 
crossing-over  and  a  linkage  between  V8Vs  and  Su-su  with  33  per  cent  cross- 
ing-over. 

"  Investigations  with  zebra-like  striped  leaves  in  maize  which  were  carried 
on  for  several  years  were  concluded  during  the  past  year.  They  show  that 
zebras  which  were  found  in  different  varieties  of  maize  were  determined  by 
four  genetically  different  factors." 

VARIEGATION  IN  DELPHINIUM. 

Dr.  Demerec  has  continued  his  studies  on  this  genus  of  plants  and  reports 
that: 

"Preliminary  to  detailed  studies  of  chlorophyll  and  other  flower  variega- 
tions, an  analysis  of  other  characters  has  been  made  for  the  purpose  of  find- 
ing their  linkage  relations.  This  will  facilitate  the  studies  on  the  main  prob- 
lem. By  an  analysis  of  colors  and  morphological  characters  19  genetically 
different  factors  were  established  and  an  indication  of  linkage  between  one  of 
the  color  factors  and  one  of  the  factors  for  chlorophyll  variegations  was 
found." 
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GENETICS  OF  THE  THOROUGH-BRED  HORSE. 

This  investigation  has  been  conducted  by  Dr.  H.  H.  Laughlin,  using  a 
group  of  computers  at  Cold  Spring  Harbor  and  field  workers  in  London 
(England)  and  Kentucky.  The  latter  have  furnished  665  schedules  de- 
scriptive of  traits  of  soundness  and  conformation  of  selected  mares  and 
stallions.  This  work  has  been  generously  financed  by  Mr.  Walter  J.  Salmon, 
whose  continued  interest  has  made  these  investigations  possible. 

During  the  year  considerable  headway  has  been  made  in  finding  the 
mathematical  measures  for  the  definite  qualities  which  heretofore  have  been 
expressed  only  in  descriptive  terms.  A  detailed  account  of  these  measures 
is  furnished  herewith  by  Dr.  Laughlin. 

The  Biological  Handicap  (Measure  op  the  Phenottpe). 

"The  principal  task  has  been  to  find  a  measure  of  the  Biological  Handi- 
cap, which  is  defined,  in  terms  of  pounds,  as  the  measure  of  a  particular  horse's 
racing  qualities  in  which  each  of  the  four  major  factors  of  speed,  distance, 
weight  carried,  and  age  is  properly  stressed. 

"Because  these  relations  are  shown  to  be  non-linear,  multiple  correlation 
is  not  available  for  use  and  other  devices  for  the  determination  of  relative 
values  have  to  be  worked  out. 

"In  reference  to  distance  it  is  found  that,  for  the  better  type  of  American 
thoroughbreds,  other  factors  being  most  favorable,  distance  cuts  down  speed 
in  accordance  with  the  following  rule:  Doubling  the  distance  increases  the 
average  number  of  seconds  required  to  run  one  furlong  (other  factors  being 
equal)  by  approximately  6  per  cent. 

"  Regardless  of  sex  or  age,  the  quality  of  a  particular  race-performance  of 
an  individual  horse  is,  in  general,  directly  proportional  to  the  weight  carried. 
It  is  also,  in  general,  inversely  proportional  to  the  number  of  corrected  sec- 
onds required  to  run  one  furlong  (that  is,  directly  proportional  to  speed  prop- 
erly corrected  for  distance) .  Then,  finally,  the  relative  stress  or  importance 
which  should  be  given  to  weight  carried  and  to  seconds  per  furlong  corrected 
for  distance,  must  be  gaged.  By  correlating,  in  1,000  typical  American  races, 
the  weight  actually  carried  with  biological  handicaps  (assigned  by  the  best 
professional,  but  non-mathematical  handicappers)  a  correlation  of  0.6392  is 
found.  Similarly  a  correlation  between  seconds  per  furlong  corrected  for  dis- 
tance and  the  biological  handicap,  as  above  rated,  gives  r=  0.7131. 

"The  next  step  is  to  find  mathematical  expression  for  quality  of  perform- 
ance (regardless  of  age,  sex,  or  condition)  for  a  given  race  by  a  given  individual. 
The  best  single  expression  thus  far  found  for  this  complex  of  factors  is  repre- 
sented by  the  following  formula: 

(wt.) 
H  c.  s.  f.1-1156 

in  which  'Q.P.'  is  the  quality  of  the  individual  performance,  'wt.'  is  the 
weights  (in  pounds)  carried  on  the  horse's  back,  '  c.s.f '  is  the  seconds  per  fur- 
long corrected  for  distance,  and  the  exponent  1.1156  is  the  relative  stress 
given  to  speed  when  weight  is  given  a  stress  of  unity.  While  this  formula, 
when  applied  to  practical  tests,  works  better  than  any  yet  tried  out,  it  still 
gives,  for  good  horses,  too  much  relative  importance  to  weight  and  not 
enough  to  speed.  Experiments  are  being  made  systematically  on  small 
empirical  adjustments  for  this  logically  deduced  tentative  rule,  in  order  to 
find,  if  possible,  a  still  better  formula  for  the  race  quality  of  a  single  per- 
formance. 
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"In  the  determination  of  the  formula  for  biological  handicap  one  more 
essential  major  factor  has  been  studied,  but  no  definite  set  of  rules  yet  de- 
duced for  it,  namely  the  age  factor  in  relation  to  quality  Of  performance.  It 
is  shown  that  for  fillies  the  average  age  of  best  performance  is  approximately 
2}/2  years,  while  for  colts  the  same  climax  comes  at  approximately  33^  years, 
and  for  geldings  at  approximately  53^  years.  The  work  continues  to  deter- 
mine quantitatively  the  rate  of  approaching  and  passing  these  climax  periods. 

"Thus,  in  order  to  gage  the  biological  handicap  (i.  e.,  to  measure  a  horse 
as  a  successful  racer),  quality  of  performance,  modified  by  the  age  factor,  will 
be  worked  out  for  the  best  25  per  cent  of  the  individual's  races;  the  mean  of 
such  values  (transformed  into  handicap  pounds  by  use  of  regression  indicated 
by  the  final  correlation  between  B.  H.  and  Q.  P.  corrected  for  age)  will  be 
used  as  the  basic  measure. 

The  Near  Kin  Indices.     (Measure  of  the  Genotype.) 

"The  analysis  of  pedigrees,  in  so  far  as  racing  quality  is  concerned,  comes 
back,  ultimately,  to  the  major  performance  factors  of  weight,  speed,  distance, 
and  age  for  the  nearest  blood-kin.  In  the  present  work  each  of  these  four 
factors  is  gaged  in  reference  to  each  of  the  three  others,  separately,  and  also 
to  the  complex  of  all  four.  In  working  out  the  Near  Kin  Indices  the  four 
principal  measures,  based  upon  tentative  biological  handicap  values  (assigned 
by  the  professional  handicappers)  of  the  near  kin  of  the  particular  horse  have 
been  given  preliminary  mathematical  expression.  In  the  development  of 
these  indices  the  biological  handicaps  for  the  nearest  blood-kin  are  first  deter- 
mined. In  this  group  of  the  nearest  blood-kin  are  included:  (a)  the  grand- 
parents, (6)  the  parents,  (c)  the  full  sibs,  (d)  the  half  sibs,  (e)  the  Fi  offspring, 
(/)  the  F2  offspring,  and,  finally,  (g)  the  propositus  himself.  Tentatively, 
each  of  these  sub-groups,  used  in  the  particular  index,  is  given  equal  stress  or 
weight.  In  perfecting  these  measures  the  next  step  consists  in  giving  each 
of  these  several  blood-kin  sub-groups  a  definite  and  proper  weight  or  stress, 
in  proportion  to  the  actual  correlations  which  such  sub-group  is  later  found  to 
possess  in  relation  to  the  propositus. 

"In  the  particular  groups  of  thoroughbreds  being  studied  (the  winners  of 
all  the  best  races  since  1870,  and  their  near  kin)  the  indices,  thus  far  tenta- 
tively used,  are  (a)  The  'Average  Biological  Handicap'  of  the  near  kin. 
This  is  based  synthetically  upon  the  whole  number  of  the  near  kin  found  in  the 
above  listed  near  kin  groups  which  have  racing  records.  (6)  The  '  Futurity 
Index'  which  could  have  been  called  equally  well  'The  Mate  Selection  Index' 
or  the  'Index  of  Promise.'  It  is  based  upon  the  performance  values  of  the 
four  grandparents,  the  two  parents,  the  older  full  sibs  and  the  older  half  sibs. 
(c)  The  third  measure  is  the  'Breeding  Index.'  This  is  based  entirely  upon 
the  children  and  the  grandchildren  of  the  particular  propositus,  (d)  The 
fourth  gage  is  the  '  Near  Kin  Index.'  At  present,  in  its  tentative  form,  it  is 
based  upon  the  performance  values  of  the  following  near  kin  groups:  grand- 
parents, parents,  best  25  per  cent  of  the  full  sibs,  best  25  per  cent  of  the  half 
sibs,  propositus  himself,  the  best  25  per  cent  of  the  Fi  offspring,  and  the  best 
25  per  cent  of  the  grandchildren.  In  order  that  the  final  Near  Kin  Index  of 
a  horse  may  be  completed,  it  is  necessary  that  the  horse's  F2  offspring  have 
performance  records. 

"Of  the  several  indices  the  Near  Kin  Index  is  proving  the  most  reliable 
indicator  of  the  genotype,  just  as  the  perfected  biological  handicap  is  being 
developed  into  a  mathematical  measure  of  the  phenotype.  The  following 
table,  based  upon  quality  of  actual  race  performances  of  the  nearest  blood- 
kin,  with  each  near  kin-group  given  proper  relative  stress,  gives  the  result  of 
some  of  the  preliminary  determinations: 
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Analysis  of  the  Near  Kin  of  a  Group  of  American  Stallions,  1925. 


Name  of  Stallion. 

B.  H. 

Date 
foaled. 

Constitutional 

Indices. 

Near  kin. 

II. 

Futur. 
Index. 

III. 

Breed. 
Index. 

IV. 

Near  kin 
Index. 

No. 

I.  Mean 
B.  H. 

Dunboyne 

120 

128 
120 
127 
138 
128 
120 
120 
129 
118 
128 
119 
126 
122 
127 

1916 
1904 
1914 
1905 
1917 
1904 
1911 
1907 
1914 
1911 
1914 
1922 
1914 
1913 
1921 

48 
49 
57 
53 
37 
79 
36 
27 
21 
23 
20 
8 
43 
48 
31 

107.97 

115.9 

112.5 

116.2 

118.8 

111.9 

115.8 

110.3 

112.7 

112.9 

116.6 

117.8 

111.7 

112.7 

120.5 

112.37 

117.82 

113.5 

115.5 

117.04 

113.19 

114.6 

111.68 

116.4 

113.88 

115.56 

122.42 

114.88 

114.88 

122.78 

111.88 

119.03 

113.33 

117.81 

120.58 

115.04 

117.6 

113.5 

115.12 

114.23 

118.84 

121.2 

116.28 

112.93 

123.81 

Peter  Pan 

114.65 

113. 

120.2 

116.50 

111. 

118.6 

110.5 

111.1 

120.7 

114.5 

North  Star  III 
Fair  Play 

Man  o'War 

Ballot 

Spanish  Prince  II . . . 
Hourless 

Gay  Crusader 

Omar  Khayyam. . . . 
Star  Hawk 

110.8 
102. 

Ladkin 

Abbreviations:  B.  H.  biological  handicap;  Futur.  Index,  futurity  index;  Breed.  Index,  breeding 
index. 

Age  of  Dam  in  Relation  to  the  Production  op  Winning  Foals. 
"In  analyzing  histories  and  pedigrees  for  the  purpose  of  gaging  mathema- 
tically the  phenotype  and  the  genotype  several  supplementary  studies  have 
brought  interesting  facts  to  light,  e.  g.,  the  matter  of  the  age  of  the  dam  in  rela- 
tion to  fecundity  and  the  age  at  which  her  best  foals  were  produced.  It  is 
found  that  of  the  158  winners  of  American  Classic  Races  (the  Belmont  Stakes, 
the  Saratoga  Cup,  the  Kentucky  Derby,  and  the  Lawrence  Realization)  since 
1870  the  dams  show  the  following  age  relations  in  the  production  of  their 
winning  foals : 


Age  of  dams  at  foaling. 

Total  winning 

foals  produced 

at  given  age. 

yrs. 

4 

p.  ct. 
2.5316 
5.6963 
5.6963 
5.6963 
9.4937 
8.8607 
9.4937 
6.9621 
5.6963 
5.6963 
8.8607 
4.4303 
5.0632 
5.0632 
1.8987 
3.7974 
1.8987 
1.8987 
0.6329 
0.6329 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

25 

Age  of  mare  at  foaling. 

Chance  of  still 

producing  best 

foal. 

yrs. 

3 

p.  ct. 
100 

97.4684 

91.7722 

86.0760 

80.3798 

70.8862 

62.0255 

52.5319 

45.5699 

39.8736 

34.1775 

25.3168 

20.8865 

15.8233 

10.7601 

8.8614 

5.0640 

3.1653 

1.2666 

0.6337 

0.6337 

0.0000 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 
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"For  these  factors  there  is  a  second  table  showing  the  chance  of  a  given 
mare  of  a  given  age  still  producing  her  best  foal." 

TWINNING  IN  SHEEP. 

In  the  autumn  of  1924  No.  379  c?1  was  used  again  as  sire  to  the  flock  of 
sheep.  There  were  born  23  lambs  to  14  ewes,  or  an  average  of  1.64  per  ewe. 
This  is  a  marked  reduction  in  the  average  number  of  young  born  to  a  mother 
and  was  correlated  with  a  high  rate  of  still-births  and  an  apparent  diminished 
vigor  of  the  ram  who  has  been  used  continuously  for  three  years. 

HUMAN  GENETICS. 
Heeedity  in  Aristogenic  Families. 

Dr.  H.  J.  Banker  has  devoted  himself  during  the  year  to  the  tabulation 
of  averages  and  other  data  based  on  the  scholarship  records  in  the  Huntington 
schools.  As  a  by-product  two  studies  have  been  completed  in  the  measure- 
ment of  mentality  by  means  of  school  accomplishment;  but  owing  to  the  mass 
of  statistical  matter  to  be  handled  these  have  not  yet  been  sent  to  press. 
They  have  served  as  a  foundation  for  the  studies  in  heredity.  While  doing 
this  work  Dr.  Banker  has  developed  a  formula  for  deriving  an  intelligence 
index  from  teachers'  marks  which  bears  evidence  of  approximating  a  true 
intelligence  quotient.  Dr.  Banker  proposes  to  apply  this  test  to  the  best 
body  of  data  available  for  the  purpose. 

Heredity  in  Cacogenic  Families. 

Dr.  A.  H.  Estabrook  has  continued  his  field  work  upon  the  population 
of  a  selected  portion  of  the  Southern  Appalachians.     He  reports  as  follows: 

"The  greater  part  of  the  time  was  given  to  Leslie  County,  Kentucky, 
where  the  gathering  of  genealogical  trees  and  the  further  study  of  individuals 
has  been  carried  on.  Continued  study  for  the  past  two  years  has  made  Dr. 
Estabrook  familiar  with  the  behavior  reactions  of  the  people  of  these  mountain 
areas  so  that  more  correct  observation  and  interpretation  of  the  behavior  may 
now  be  made. 

"Accordingly  the  work  of  writing  up  complete  family  histories  has  been 
begun.  Records  are  sparse  and  much  difficulty  has  been  experienced  in 
securing  any  data  regarding  traits  of  the  earlier  generations.  While  the 
verbal  memory  of  many  of  the  people  is  remarkable,  yet  the  events  which 
are  recalled  serve  rather  to  illustrate  situations  than  to  analyze  individuals. 
Dr.  Estabrook  has  been  obliged  to  depend  mostly  upon  his  own  observation 
for  a  critical  analysis  of  the  people  in  the  area  he  is  studying. 

"The  field  work  has  been  carried  on  by  means  of  talks  with  citizens  who 
know  and  can  furnish  genealogical  lines;  by  visits  to  the  homes  for  observing 
the  behavior  of  the  people  and  the  economic  and  physical  conditions  in  which 
they  live ;  by  visits  to  schools  to  observe  children  singly  and  in  groups  and  to 
make  mental  tests  upon  them;  by  attendance  at  group  gatherings  of  religious, 
community,  political,  and  legal  nature;  by  conferences  with  those  community 
workers  who  have  shown  an  interest  to  cooperate  in  the  field  work;  by 
searching  public  records.  The  area  studied  is  the  headwater  region  of  the 
Kentucky  River  and  comprises  heads  of  hollows,  narrow  creeks  with  steep 
sides  and,  further  down  the  forks,  the  more  level  bottoms. 

"This  area  was  settled  by  about  50  families  during  the  period  between  1790 
and  1830.  These  families  were  mainly  from  North  Carolina  and  Virginia, 
having  reached  these  counties  in  the  general  movement  westward  along  the 
wilderness  trail  after  the  Revolutionary  War.     Points  of  settlement  were 
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determined  by  the  richness  of  the  hunting  and  fishing  grounds  so  that  the 
first  settlements  were  made  at  the  heads  of  the  creeks  and  hollows  where 
springs  and  salt  licks  were  found,  to  which  animals  were  attracted.  When 
game  and  fish  had  ceased  to  be  plentiful  agriculture  became  necessary  for 
subsistence  and,  accordingly,  the  movement  was  toward  the  more  fertile 
bottom  lands  in  the  lower  reaches  of  the  streams. 

"In  the  hundred  years  of  occupancy  of  this  area  the  descendants  of  the 
settlers  have  mated  largely  with  their  own  folk.  Travel  has  been  difficult 
because  of  the  absence  of  good  roads,  and  propinquity  has  greatly  determined 
marriage.  Relatively  few  matings  have  taken  place  into  stocks  of  outside 
areas  so  that  the  population  can  be  considered  as  derived  from  a  small  num- 
ber of  progenitors. 

"Migrations  from  this  area  have  been  taking  place  since  the  early  settle- 
ment into  the  Blue  Grass  regions  of  Kentucky  and  Indiana,  to  manufacturing 
towns  along  the  Ohio  River,  to  the  Boston  Mountains  in  Arkansas,  and  to 
various  points  in  Missouri,  Oklakoma,  Texas,  and  Oregon.  These  migrations 
became  marked  just  before  the  outbreak  of  the  Civil  War,  at  a  time  when 
the  saturation  of  the  population  began  to  occur  and  it  seems  probable  that 
the  emigrants  were  selected  from  the  more  energetic  and  intelligent. 

"More  recently  many  of  the  young  people  have  been  drawn  away  from  the 
mountains  to  attend  schools  of  more  advanced  grade.  A  study  of  former 
students  of  Berea  College,  which  is  in  part  recruited  from  this  territory, 
indicates  that  the  longer  and  the  higher  the  training  received  in  these  schools 
the  greater  the  tendency  for  the  students  to  settle  in  areas  outside  the  head- 
waters of  the  Kentucky  River. 

"The  stocks  remaining  are,  apparently,  on  the  average,  derived  from  the 
less  intelligent  and  ambitious  and  their  continued  intermarriage  is  producing 
strains  which  are  becoming  cacogenic  in  nature." 

Genetic  Constitution  of  the  American  Population. 
National  Immigration. — Studies  in  immigration  were  continued  by  Dr. 
H.  H.  Laughlin,  in  collaboration  with  the  Committee  on  Immigration  and 
Naturalization  of  the  House  of  Representatives.  During  the  year  the 
results  of  researches  up  to  March  1924  were  published  (Nov.  19,  1924)  by 
that  Committee,  entitled  Europe  as  an  Emigrant-Exporting  Continent  and 
the  United  States  as  an  Immigrant-Receiving  Nation.  This  publication  (204 
pages,  15  tables,  and  10  charts)  presented  a  preliminary  analysis  of  the  field 
investigations  concerning  present-day  migrations,  with  further  reference 
to  the  biological  aspects  of  racial  and  national  fortune.  The  data  analyzed 
were  the  first-hand  facts  gathered  in  Europe  during  the  European  investi- 
gations mentioned  in  the  annual  report  a  year  ago. 

Economic-Population  Complex. — "Work  is  progressing,"  reports  Dr. 
Laughlin,  "on  the  determination,  for  each  immigration-controlling  nation  and 
country,  of  the  situation-complex  of  area,  density  of  population,  population 
increase,  national  occupation,  production,  and  national  economic  surplus  or 
deficit,  in  relation  to  emigration-exporting  pressure  and  immigration-receiving 
demand.  For  example,  for  Italy  it  is  shown  that  during  the  year  1922,  the 
net  loss  of  emigration  over  immigration  was  134,197;  that  the  net  gain  of 
births  over  deaths  was  463,765.  Thus  the  total  net  gain  of  population  was 
329,568.  In  1921  Italy  had  a  density  of  population  equal  to  329.1  persons 
per  square  mile.  In  1923,  as  a  nation,  she  imported  $3,353,018,500,  and 
exported  $2,152,550,280  worth  of  merchandise.  Thus,  internationally,  the 
expenditures  of  her  people  were  $1,200,468,220  more  than  her  extra-national 
income.    The  analysis  of  this  complex  of  population  increase  and  economic 
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situation  shows  that  Italy  is  a  nation  already  over-populated  and  a  nation 
expending  more  than  she  receives;  a  nation  not  highly  industrialized,  com- 
pared with  the  leading  industrial  nations  of  the  world,  still  depending  largely 
on  agriculture,  with  a  country  generally  mountainous  and  not  particularly 
well  adapted  as  a  whole  to  agricultural  production,  and  with  no  great  colonies 
to  which  the  youth  of  the  nation  can  go  to  seek  their  fortunes.  The  measure 
of  this  complex  is  taken  as  the  gage  of  the  economic  emigration-exporting  force 
for  Italy. 

"At  the  present  time  there  are  104  migration-controlling  nations  or  colonies. 
Similar  complexes  of  population  increase  and  economic  situation  are  being 
worked  out  for  each  of  these  104  migration  units.  Accurate  data  are  very 
difficult  to  secure  for  many  of  the  more  recently  reorganized  countries,  and 
a  still  greater  difficulty  consists  in  an  alignment  of  data,  in  all  of  these  par- 
ticulars, for  the  same  country,  under  the  same  date.  However,  satisfactory 
headway  has  been  made  in  this  study  and  it  is  expected  that  the  results  of 
this  particular  research  will  be  presented  to  the  Committee  on  Immigration 
and  Naturalization  of  the  House  of  Representatives  early  next  winter." 

Fecundity  Indices. — The  fecundity  index  used  for  each  nation  as  a  whole 
and  for  geographical  and  group  sections  of  the  population  was  that  derived 
by  taking  from  the  census  records,  first,  the  number  of  children  under  5  years 
of  age  and  dividing  this  number  by  the  number  of  women  within  the  ages  of 
15  to  44  years,  inclusive,  for  the  same  geographical  and  nativity  group  and 
for  the  same  date.  This  index  applied  to  the  United  States  census  for  1920 
gave  the  following  results: 

Whole  population 0.4675 

White  population 0.4712 

Negro  population 0 .  4294 

Foreign-born  white  population1 0. 7120 

Native-born  white  population 0.4263 

Deportation. — Data  on  deportability  and  deportation  of  aliens  in  the 
United  States  have  been  accumulated  during  the  past  year  by  Dr.  H.  H. 
Laughlin  and  are  now  in  process  of  analysis  for  presentation  to  the  Committee 
on  Immigration  and  Naturalization  of  the  House  of  Representatives. 

"This  particular  study  attempts  to  take  the  objective  view  of  the  United 
States  as  an  organism  and  to  treat  its  reactions  to  the  matter  of  deportability 
and  deportation  in  much  the  same  manner  as  the  biologist  observes  reactions 
of  an  organism  to  a  particular  situation. 

"An  analysis  of  the  laws  and  practices  of  the  several  individual  states  in 
reference  to  collaboration  with  the  federal  deportation  service  and  also  their 
interstate  deportation  has  been  completed.  This  shows  that  the  states,  as  a 
rule,  fail  to  initiate  deportation  processes,  looking  upon  the  matter  as  a  federal 
duty.  It  shows  also,  in  several  centers,  the  inclination,  on  the  part  of  the 
states,  to  demand  reparation  from  the  federal  government  for  cost  of  main- 
taining aliens  in  state  institutions  in  consonance  with  the  theory  that  au- 
thority, and  consequently  the  responsibility  following  the  admission  of  aliens, 
is  a  federal  matter. 

"A  new  collection  of  nativity  and  deportability  data  has  been  secured 
from  676  of  the  689  state  and  federal  institutions  for  the  socially  inadequate 
classes.     For  654  institutions  thus  far  summarized,  these  data  show  that  of  a 

1  The  children  for  this  computation  include  all  native-born  white  children  under  5  years  of  age, 
both  parents  foreign  born;  plus  (all  native-born  white  children  under  5  years  of  age,  of  mixed 
parentage)  X  (percentage  of  persons,  1920,  of  mixed  parentage  whose  mother  was  the  foreign- 
born  parent);  plus  (all  foreign-born  white  children  under  5  years  of  age). 
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total  of  455,644  inmates,  323,902  are  native  born,  79,109  are  foreign  born,  and 
that  for  76,499  the  superintendents  were  not  able  to  determine  nativity.  Of 
this  foreign-born  population,  3,192  were  reported  as  'deportable,'  while  dur- 
ing the  entire  past  history  of  these  654  institutions,  11,015  inmates  had  been 
deported.  In  reference  to  'interstate  return/  3,464  inmates  were  classed  as 
'returnable,'  and  the  summary  shows  only  13,580  in  the  past  returned  to 
other  states  as  '  non-residents.'  The  data  upon  which  this  summary  is  based 
are  in  process  of  analysis  from  the  eugenical  and  legal  points  of  view. 

"  In  reference  to  the  United  States  as  a  whole,  the  deportation  practices  of 
the  states,  and  the  situation  in  the  institutions  in  which  the  inmates  are  pub- 
lic charges,  measure  statistically  only  a  small  portion  of  the  whole  field,  but 
it  is  that  portion  which  can  be  given,  perhaps,  the  most  exact  mathematical 
measurement  under  the  present  facilities.  The  biological  purpose  of  this 
particular  study  is  to  find  out,  by  first-hand  investigation,  the  degree  to  which 
the  United  States  and  the  several  states  and  communities,  as  organic  entities, 
are  attempting  to  control  the  admission  and  elimination  of  defective  germ- 
plasm,  and  to  gage  the  degree  to  which  the  principle  of  family,  state,  and 
national  responsibility  for  production  of  defectives  is  coupled  with  responsi- 
bility for  the  care  and  maintenance  of  these  defectives  through  the  deporta- 
tion processes." 

Tentative  Studies  in  Immigrant  Selection. — "In  the  paper  Europe  as  an 
Emigrant-Exporting  Continent  and  the  United  States  as  an  Immigrant-Receiving 
Nation  appeared  the  first  publication  of  the  tentative  studies  in  selective 
immigration  which  were  conducted  in  England,  Belgium,  and  Sweden. 

"These  tentative  selective  examinations  covered  four  groups  of  informa- 
tion: (1)  the  Individual  History  under  the  sub-headings,  Short  Biography, 
Analysis  of  Individual  Traits,  Conduct,  Community  Reputation,  Occupa- 
tions, Achievements,  Records  of  other  Economic  and  Social  Values,  Moral 
and  Social  Instincts  and  Emotions;  (2)  Physical  Examination,  which  included 
the  Record  of  Physical,  Physiological,  Pathological,  Anthropometric  Tests 
and  Measurements,  Personal  Indentification  and  Photographs;  (3)  Special 
Tests  of  Literacy,  the  Yerkes  Test  for  General  Mental  Ability,  Examination 
into  Special  Talents  and  Defects,  Records  of  Education  and  Training;  (4) 
Family  Stock  Values.  These  were  determined  by  the  biological  pedigree- 
chart  with  descriptions  of  each  of  the  nearest  blood-kin." 

Eugenical  Sterilization. — The  Eugenics  Record  Office  has  been  kept  in 
close  contact  with  many  state  legislatures,  state  administrative  officers,  and 
state  courts  of  law  in  seeking  to  find  out  the  status  of  eugenical  sterilization 
legislation,  administration,  and  litigation  in  the  several  states.  In  return 
many  of  these  collaborators  have  inquired  about  the  eugenical  aspect  of 
particular  phases  of  the  problem,  and  have  made  requests  for  the  model  law 
based  upon  an  analysis  of  all  the  facts  in  hand. 

A  further  first-hand  collection  has  been  made  by  Dr.  Laughlin  of  the 
facts  in  this  field,  which  brings  the  record  of  the  development  down  to  date. 
This  record,  and  its  legal,  statistical,  and  eugenical  analyses,  has  been  pre- 
pared for  publication  as  a  bulletin  of  the  Eugenics  Society  of  America.  The 
text  is  now  ready  for  the  printer. 

Analysis  shows  that  since  the  publication  of  Dr.  Laughlin's  book  on 
Eugenical  Sterilization  in  the  United  States,  1921,  10  states  have  enacted 
eugenical  sterilization  laws  as  follows:  Washington,  Oregon,  Montana,  Dela- 
ware, Michigan,  Virginia,  Idaho,  Minnesota,  Utah,  Maine. 

"  In  several  important  features,"  reports  Dr.  Laughlin,  "  many  of  these  new 
laws  have  been  based  upon  the  researches  of  the  Eugenics  Record  Office. 
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Generally,  then,  they  show  progress  in  three  directions:  First,  in  constitu- 
tionality by  eliminating  all  punitive  elements  and  basing  the  theory  of  the 
law  upon  purely  eugenical  motives.  The  recent  tests  of  constitutionality  of 
the  statutes  of  the  states  of  Virginia  and  Michigan  are  cases  in  point.  Second, 
provisions  for  simplified  administrative  procedure,  including  a  court  procedure 
analogous  for  the  most  part  to  the  procedure  required  in  commitment  of  defec- 
tives to  custodial  institutions.  Third,  the  application  of  the  selective  princi- 
ples of  the  statute  to  the  population  at  large  as  well  as  to  public  charges." 

Physical  Traits  of  Australian  Aborigines  and  Black-White  Hybrids. 

As  a  supplement  to  studies  made  by  the  Director  in  1913  on  negro-white 
crosses,  some  notes  that  he  made  in  1914  on  the  physical  traits  of  some 
Australian  aboriginals  and  their  hybrids  with  whites  were  published  this  year. 
The  measurements  were  taken  at  Brewarrina,  New  South  Wales,  in  connection 
with  the  visit  to  Australia  made  at  the  time  of  the  British  Association  meeting. 
13  full  bloods  and  41  of  mixed  blood  were  observed.  It  appears  that  leg  length, 
dolichocephaly,  and  darkness  of  skin  color  are  extreme  compared  with  other 
races  of  mankind;  but  the  hair  is  not  extreme  in  form,  being  prevailingly  wavy. 
The  first  generation  hybrids  show  an  approach  toward  mediocrity  in  these 
traits.  Hair  and  eye  color  of  the  Australian  are  dominant;  while  the  skin 
of  the  hybrids  is  intermediate,  as  in  negro  mulattoes. 

PHYSIOLOGY  OF  REPRODUCTION  AND  DEVELOPMENT. 

EFFECTS  OF  ALCOHOL  ON  CORPORA  LUTEA  IN  MICE. 

Dr.  MacDowell  has  practically  completed  his  experiments  (in  cooperation 
with  Elizabeth  M.  Lord  and  with  the  assistance  of  C.  G.  MacDowell)  on  the 
effects  of  completely  anesthetizing  doses  of  alcohol  upon  the  reproduction  of 
the  mouse,  outlined  in  the  Year  Book  of  last  year  (p.  47). 

"These  experiments  consist  of  (1)  the  series  in  which  half  of  the  females 
were  treated  and  tests  and  controls  from  the  same  litter  were  mated  with  the 
same  normal  males,  and  (2)  the  series  in  which  half  of  the  males  were  treated, 
each  female  (normal)  being  mated  in  turn  with  a  treated  and  controlled  male. 
At  the  end  of  June  counts  of  the  corpora  lutea  of  pregnancy  had  been  made 
for  1,590  pregnancies  of  366  females.  As  previously  described,  the  ovaries 
are  examined  surgically,  and  the  litters  corresponding  to  the  corpora  counts 
are  born  normally.  No  final  summary  of  results  can  be  given  at  this  time 
as  further  operations  upon  certain  females  are  required  before  the  concluding 
tabulations  can  be  made.  Preliminary  summaries  support  the  result  given 
a  year  ago  for  the  treated  females,  namely,  that  even  this  intense  treatment 
does  not  cut  down  the  activity  of  the  ovary  as  judged  by  the  number  of 
corpora  lutea.  A  similar  preliminary  summary  of  the  data  from  the  experi- 
ments in  which  the  males  were  treated,  based  upon  179  litters  with  treated 
fathers  and  184  litters  with  control  fathers,  gives  the  average  prenatal  mor- 
tality, in  terms  of  the  number  of  corpora  lutea,  as  33.2  per  cent  and  32.2  per 
cent  respectively.  As  far  as  these  averages  go,  they  indicate  that  if  the  treat- 
ment of  the  males  has  had  any  influence  at  all,  it  is  slight." 

HISTORIES  OF  MOUSE  OVARIES. 

Dr.  MacDowell  has  made  an  advance  in  the  knowledge  of  the  activity  of 
mouse  ovaries  through  successive  counts  of  the  corpora  lutea  of  pregnancy  in  the 
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same  animal.     These  results  are  presented  in  a  paper  now  in  press,  The  Num- 
ber of  Corpora  Lutea  in  Successive  Mouse  Pregnancies.    He  reports  as  follows: 

"When  the  female  is  mated  as  young  as  possible  by  being  placed  at  4  weeks 
with  a  male  already  tested  fertile,  and  remated  at  each  birth  without  nursing 
the  young,  the  average  number  of  corpora  lutea  per  ovulation  rises  rapidly 
for  the  first  three  litters.  For  later  litters  the  number  continues  to  rise  but 
at  a  greatly  reduced  rate.  As  far  as  the  tenth  and  eleventh  litters  there  is  no 
indication  of  any  decline  in  the  number  of  corpora  lutea.  Since  the  corpora 
lutea  represent  the  ova  that  have  been  discharged,  it  follows  that  the  decline 
in  litter  size  so  generally  found  in  mammals  after  the  first  few  litters  is  due  to 
increasing  prenatal  mortality  rather  than  to  any  falling  off  in  the  activity  of  the 
ovary.  The  coefficient  of  correlation  between  the  number  of  corpora  lutea  and 
the  order  of  the  litter  is  +0.36  ±0.03.  If  the  corpora  counts  are  classified  by 
the  age  of  the  mothers  a  similar  positive  relation  is  found,  but  the  coefficient  of 
correlation  is  smaller,  +0.29  ±0.04,  and  suggests  that  the  order  of  the  litter  has 
an  influence  apart  from  the  age  of  the  female.  A  peculiar  fact  is  revealed  by 
this  last  tabulation  on  the  basis  of  the  age  of  mothers,  namely,  the  first  preg- 
nancies of  the  most  precocious  females,  those  having  their  first  litters  born 
from  40  to  59  days  after  their  own  birth,  have  distinctly  larger  numbers  of 
corpora  lutea  than  the  females  having  their  first  litters  more  normally  between 
60  and  79  days. 

"The  influence  of  the  number  of  previous  litters  upon  the  activity  of  the 
ovary  aside  from  the  factor  of  the  age  of  the  mother,  is  being  investigated. 
When  the  influence  of  the  age  of  the  mother  is  reduced  to  a  minimum  by  con- 
sidering at  one  time  only  litters  from  mothers  within  a  given  age-group  at 
the  time  of  birth  of  the  litter,  it  appears  that  the  litters  later  in  series  tend  to 
have  higher  corpora  counts.  This  again  suggests,  but  does  not  prove,  that 
the  number  of  preceding  litters  has  some  influence  upon  the  number  of  corpora 
lutea,  apart  from  the  age  of  the  mother.  Special  experiments  will  be  required 
to  demonstrate  this  point,  and  also  to  show  the  influence  of  age  alone  upon 
the  number  of  corpora  lutea  by  operating  only  upon  first  pregnancies  from 
mothers  of  different  ages." 

MAMMALIAN  DWARFISM. 

The  Director  continued  his  study  of  the  factors  involved  in  Mongoloid 
dwarfism.  He  secured  comparative  data  on  over  400  individuals  with  the 
cooperation  of  Dr.  J.  M.  Murdock,  Superintendent  of  the  State  School  at 
Polk,  Pennsylvania;  of  Dr.  Kay  of  the  Michigan  Home  and  Training  School 
at  Lapeer;  of  Dr.  O.  H.  Cobb  of  the  Syracuse  (New  York)  State  School;  of 
Dr.  E.  W.  Fuller  of  the  Pennhurst  (Pennsylvania)  State  School;  of  Dr.  B.  O. 
Whidden  of  the  School  for  Feebleminded  at  Clinton,  South  Carolina;  of  Dr. 
C.  B.  McNairy  of  the  Caswell  Training  School,  Kinston,  North  Carolina; 
of  Dr.  C.  T.  LaMoure  of  the  Mansfield  (Connecticut)  State  Training  School; 
of  Dr.  George  McPherson  of  the  Belchertown  (Massachusetts)  State  School; 
of  Dr.  G.  L.  Wallace  of  the  Wrentham  State  School;  and  of  Dr.  J.  H.  Ladd  of 
the  Exeter  School  of  Rhode  Island.    These  data  are  now  being  assembled. 

Family  history  studies  on  many  of  these  patients  have  been  made  by  Miss 
Grace  Allen.  The  results  of  some  of  these  investigations  were  presented 
before  the  American  Association  for  the  Study  of  the  Feeble-Minded. 

A  parallel  series  of  studies  has  been  made  on  mice  with  the  cooperation 
of  Dr.  W.  W.  Swingle,  of  Yale  University,  with  the  purpose  of  inducing 
dwarfism  in  the  young.  Dwarfism  was,  indeed,  obtained  in  great  abundance, 
but  some  uncertainty  exists  as  to  the  light  it  throws  on  Mongolism. 
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NORMAL  INTERVAL  BETWEEN  BIRTHS. 

In  relation  to  the  problem  of  human  dwarfism  a  study  was  made  by  Miss 
Anne  W.  March  and  the  Director  of  the  normal  interval  between  human  births 
in  a  population  that  is  reproducing  freely  and  producing  normal  offspring. 
This  standard  seemed  necessary  before  any  inference  could  be  drawn  as  to 
the  validity  of  the  explanation  so  often  offered  to  account  for  a  feeble-minded 
or  dwarfish  child — that  it  was  the  consequence  of  "uterine  exhaustion"  due 
to  a  too  rapid  succession  of  pregnancies.  In  the  standard  secured,  735  days 
appears  as  the  modal  interval  between  births,  giving  an  interval  between  the 
birth  of  a  child  and  conception  of  the  next  child  of  about  15  months. 

ADMINISTRATIVE  RECORD. 
Archives  op  the  Eugenics  Record  Office. 

Dr.  Elizabeth  B.  Muncey  has  continued  as  archivist,  and  has  been  assisted 
by  Miss  Margaret  Martin  and  Miss  Pearl  Doty  as  indexers.  An  estimate 
of  the  extent  of  the  records  and  of  the  index  as  of  June  30,  1925,  is  as  follows : 
1,726  books  in  archives;  Field  Reports,  62,287  sheets;  Special  Traits  file  (A), 
27,999  sheets;  Records  of  Family  Traits  (R  and  M  files),  8,150  parts;  1,133,000 
cards  in  the  index.  The  archives  have  been  used  by  a  number  of  visiting 
students  of  human  heredity,  including  Dr.  A.  Brozek  of  the  Czechish  Uni- 
versity at  Prague  and  Dr.  F.  Breinl  of  the  German  University  of  Prague. 

Staff. 

Dr.  J.  Arthur  Harris  assumed  his  new  duties  at  the  University  of  Minne- 
sota in  September  1924,  and  at  the  end  of  the  year,  his  chief  biometrical 
assistant  here,  Miss  Edna  Lockwood,  removed  also  to  Minneapolis.  A 
small  statistical  group  has  been  organized  at  this  Department  to  take  their 
places. 

Dr.  A.  F.  Blakeslee  went  as  delegate  of  the  Institution  to  the  Third  Pan- 
American  Scientific  Congress  at  Lima,  Peru,  leaving  in  December  and  return- 
ing April  4,  1925.  Some  of  the  observations  which  he  made  on  this  expedi- 
tion are  described  elsewhere  in  this  report.  He  made  important  contacts 
with  botanists,  which  may  be  expected  to  be  of  benefit  to  the  researches  going 
on  at  Cold  Spring  Harbor. 
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Arthur  L.  Day,  Director. 

In  almost  every  problem  dealing  with  the  Earth's  substance  pressure 
enters  as  one  of  the  variables.  At  only  moderate  depths  all  the  underlying 
material  is  exposed  to  pressures  of  very  considerable  magnitude.  One  mile 
below  the  surface  the  pressure  is  about  500  megabars  or  7,500  pounds  per 
square  inch,  and  at  greater  depths  the  pressure  increases  regularly  until  in 
the  central  core  the  material  there  is  squeezed  together  by  a  force  of  many 
millions  of  pounds  on  each  square  inch.  But  even  if  we  confine  our  attention 
to  those  rock  masses  which  have  been  exposed  to  our  view  through  stream 
erosion  combined  with  the  uplift  of  mountain  ranges,  or  to  those  samples  of 
Earth  material  brought  to  the  surface  by  one  means  or  another,  we  must 
always  reckon  with  pressure  as  a  factor  whenever  we  seek  to  unravel  the 
mysteries  attending  the  formation  of  these  rocks,  their  subsequent  behavior, 
and  their  relation  to  the  Earth  as  a  whole. 

In  the  laboratory  the  application  of  extreme  pressures  to  such  substances 
offers  certain  difficulties,  but  steady  progress  in  the  technic  of  high  pressure 
experimentation  has  been  made,  so  that  now  to  subject  a  small  sample  of 
material  to  a  pressure  of  15,000  megabars  (225,000  lbs.  per  sq.  in.)  is  a  matter 
of  simple  routine.  Higher  pressures  are  readily  obtained,  but  the  expense  and 
annoyance  of  frequent  explosions  at  the  highest  attainable  pressures  limit  the 
most  effective  range  for  investigations  of  the  way  in  which  pressure  affects 
the  physical  properties  of  rocks  and  minerals  to  about  15,000  megabars. 
This  corresponds  to  a  depth  of  30  miles  below  the  surface  of  the  Earth,  which 
happens  to  be  precisely  the  thickness  of  the  Earth's  "crust"  according  to 
some  of  the  pioneers  in  geophysics. 

One  of  the  important  pressure-effects  is  compressibility,  measurements 
of  which  were  begun  in  1916  and  included  the  more  common  igneous  rocks  and 
their  component  minerals.  These  observations  were  thought  to  have  pro- 
vided all  the  information  needed  on  the  compressibility  of  rocks,  but  since 
then  we  have  come  to  realize  more  fully  the  greater  importance  of  the  basic 
and  ultrabasic  rocks,  particularly  in  the  consideration  of  the  deeper  parts  of 
the  Earth.  Indeed,  these  very  compressibility  measurements  brought  us  to 
the  conclusion  that  the  Earth,  except  for  the  central  metallic  core  and  the 
relatively  thin  crust,  is  made  up  entirely  of  pyroxenite  and  peridotite.  On 
account  of  their  importance  we  have  now  made  additional  measurements 
on  these  more  basic  rocks,  both  in  the  crystalline  and,  where  possible, 
in  the  vitreous  form.  These  results  find  application  in  several  directions. 
They  are  of  fundamental  importance  in  determining  the  speed  at  which 
earthquake  waves  travel  through  the  Earth  at  various  depths  and  along 
its  surface,  and  seismologic  observations  are  more  readily  interpreted  when 
coordinated  with  laboratory  measurements  on  the  elastic  constants  of  various 
rock  types. 

Somewhat  less  directly,  our  investigations  on  the  behavior  of  rocks  under 
pressure  have  aided  us  in  estimating  the  temperature  within  the  Earth  at 
depths  down  to  200  miles.  This  estimate,  although  subject  to  revision,  is 
believed  to  represent  an  advance  in  our  knowledge  of  the  thermal  state  of 

1  Situated  in  Washington,  District  of  Columbia. 
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the  Earth's  interior  and  to  be  of  great  value  in  dealing  with  problems  relating 
to  volcanism  and  isostasy.  It  may  shed  some  light  on  the  peculiar  properties 
of  the  outer  portion  of  the  Earth,  which  according  to  Barrell  behaves  like  a 
crust  30  miles  thick  and  having  a  strength  about  double  that  of  granite, 
resting  on  a  substratum  which  yields  as  easily  as  lead.  The  temperature  at 
a  depth  of  30  miles  is  estimated  to  be  about  850°  C.  and  at  100  miles  is  1700°. 
These  values  are  much  lower  than  has  generally  been  supposed ;  yet  somewhat 
below  the  30-mile  level  the  temperature  is  well  above  the  melting  point  of 
gas-charged  lava  and  so  admits  a  logical  realization  of  Barrell's  concept. 

We  have  also  made  measurements,  in  cooperation  with  the  Department  of 
Terrestrial  Magnetism,  on  the  effect  of  pressure  on  the  loss  of  magnetism  in 
iron  (and  other  substances)  at  high  temperatures.  This  work  has  a  direct 
bearing  on  the  fundamental  question  of  the  source  and  of  the  locus  of  the 
Earth's  magnetism.  Like  most  high-pressure  work  it  has  been  interrupted  by 
frequent  breakages,  but  satisfactory  progress  has  been  made. 

There  are  two  principal  methods  by  which  the  effect  of  pressure  on  a  given 
system  maybe  studied:  (1)  The  direct  method,  which  is  the  one  used  in 
the  studies  mentioned  above,  and  which  consists  in  applying  the  requisite 
temperature  and  pressure  and  observing  whether  or  not  a  given  process  or 
reaction  takes  place;  and  (2)  the  indirect  method,  which  depends  on  the  fact 
that  if  the  properties  and  reactions  of  the  various  substances  appearing  in 
the  system  are  known  at  some  one  pressure  (say  atmospheric),  then  the  sys- 
tem can  be  completely  worked  out,  merely  by  determining  the  pressure- 
volume-temperature  relations,  that  is,  by  measuring  the  compressibility  at 
several  temperatures.  Probably  the  second  method  will  prove  the  more 
elegant  and  the  more  accurate,  but  in  order  to  compare  the  two  methods  we 
are  trying  both  on  the  system  NaCl-H20  at  temperatures  up  to  200°  and  pres- 
sures up  to  12,000  megabars.  This,  although  not  a  silicate  system,  was  chosen 
because  it  lends  itself  to  accurate  measurement  over  a  large  range  of  temper- 
ature and  pressure.  Direct  determinations  of  the  change  of  solubility  with 
pressure  have  already  been  made,  and  ultimately  when  the  compressibility 
measurements  are  finished  and  the  complete  system  is  worked  out  we  shall 
be  able  to  compare  the  relative  merits  of  the  two  methods  of  high-pressure 
experimentation . 

One  of  the  most  interesting  questions  in  geophysics  has  to  do  with  the 
formation  of  so-called  high-pressure  minerals,  of  which  diamond  and  jadeite 
are  notable  examples.  These  substances  have  a  stable  existence  only  under 
high  pressures  and  may  have  been  formed  at  great  depths  within  the  Earth. 
Laboratory  experiments  in  this  direction  require  apparatus  capable  of  with- 
standing a  high  temperature  as  well  as  a  high  pressure,  and  involve  additional 
difficulties  of  technic.  Preliminary  experiments  on  the  conditions  under 
which  one  of  the  high-pressure  minerals,  jadeite,  may  be  formed  have  been 
carried  out  at  pressures  up  to  4,000  megabars  and  at  temperatures  up  to 
1000°  C.  Liquid  carbon  dioxide  has  served  as  the  medium  for  transmitting 
the  pressure  and  has  proved  highly  satisfactory.  It  is  commonly  present  in 
natural  rocks,  is  convenient  to  use,  and  is  unaffected  by  the  high  temperatures. 
Such  experiments  with  silicates  seem  to  require  something  in  the  nature  of 
catalytic  activation  to  permit  reactions  to  take  place  at  an  appreciable  rate 
and  so  to  render  them  accessible  to  convenient  observation  and  measure- 
ment.    Of  all  substances  tried  out  for  this  purpose  water  is  the  natural  choice 
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and  proves  to  be  the  only  one  which  is  at  all  satisfactory.  The  amount 
required  is  small — 2  or  3  per  cent,  or  even  less,  is  sufficient  to  enable  crystal- 
lization and  reactions  to  proceed  rapidly  at  temperatures  far  below  the  ordi- 
nary liquefying  point.  Altogether,  the  investigation  of  silicate  systems  at 
pressures  high  enough,  not  only  to  retain  the  requisite  small  amount  of  the 
volatile  component  (mineralizer),  but  also  to  alter  materially  the  properties 
of  the  silicates,  is  a  large  and  but  little  developed  field  of  research.  Already 
some  observations,  more  or  less  accidental,  on  the  combined  effect  of  water 
and  carbon  dioxide  on  certain  silicate  mixtures  at  2,000  megabars  indicate 
that  some  very  curious  and  remarkable  results  may  be  expected. 

As  our  insight  into  geological  processes  increases,  the  significance  of  the 
presence  of  these  volatile  substances  in  the  magma,  and  their  importance  in 
controlling  these  processes,  becomes  increasingly  manifest.  In  a  way  we 
are  returning  to  the  views  of  the  French  school  of  two  or  three  generations  ago, 
whose  many  mineral  syntheses,  carried  on  with  the  aid  of  substances  volatile 
at  high  temperatures,  gave  a  vogue  to  the  almost  miraculous  properties 
ascribed  to  these  "agents  mineralizateurs."  The  presence  of  mineralizers 
was  asserted  to  be  the  direct  cause  of  numerous  puzzling  phenomena  then, 
just  as  now  it  is  a  common  habit  to  offer  relief  from  perplexing  complications 
in  the  somewhat  vague  terminology  of  colloids.  As  soon  as  a  better  under- 
standing of  chemical  equilibria  developed  through  a  more  competent  appli- 
cation of  the  theoretical  reasoning  of  Willard  Gibbs  by  van  der  Waals,  van't 
Hoff,  and  Roozeboom,  it  was  seen  that  the  mineralizers  could  not  have 
produced  all  of  the  effects  ascribed  to  them.  For  a  long  time  afterwards, 
probably  as  a  natural  reaction  from  this  conclusion,  the  importance  of  the 
presence  of  volatile  ingredients  in  the  magma  was  no  longer  insisted  upon,  and 
the  very  presence  of  the  chief  of  them,  water,  was  denied. 

The  complete  refutation  by  Day  and  Shepherd  of  Brun's  conclusions  re- 
garding the  absence  of  water  from  the  volcanic  exhalations  of  Kilauea  again 
brought  the  volatile  components  to  the  front,  and  we  are  now  in  a  better 
position  to  appreciate  their  possibilities.  This  renewed  interest  and  better 
understanding  of  these  somewhat  intricate  relations  again  was  the  result  of 
the  application  of  the  Gibbs  generalizations  to  the  problem  of  equilibrium  in 
systems  composed  of  both  volatile  and  non-volatile  components  in  which 
again  the  Dutch  chemists  played  the  chief  role. 

With  the  realization  that  volatile  substances,  dominantly  water,  were 
actual  components  of  the  magma,  further  evidence  came  rapidly,  both  from 
the  field  and  from  the  laboratory.  The  violent  eruptions  of  Mount  Lassen, 
its  devastating  blasts  similar  to  those  which  caused  great  loss  of  lifefand 
property  at  St.  Pierre,  have  been  correlated  with  the  presence  of  water  through 
the  known  laws  governing  the  cooling  of  mixtures  of  volatile  and  non-volatile 
components.  No  one  can  read  the  vivid  narrative  in  which  Perret  describes 
from  near  observation  the  1906  eruption  of  Vesuvius  without  being  awed  by 
the  power  exerted  by  the  volatile  components  in  their  escape  from  magmatic 
solution.  The  recent  analyses  of  gases  from  volcanoes  and  rocks  by  Shepherd 
again  calls  attention  to  the  dominant  role  played  by  water,  and  to  water  is 
probably  to  be  ascribed  an  important  part  of  the  great  eruption  of  Katmai. 

The  laboratory  study  of  synthetic  mixtures  simulating  natural  systems 
possessing  such  tremendous  power  is  of  course  difficult  and  has  the  appearance 
of  but  a  feeble  effort  in  comparison,  but  great  steps  forward  have  been  taken. 
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A  beginning  was  made  some  years  ago  in  the  study  of  the  system  H20  — 
K2Si03  —  SiC>2,  which  was  the  first  system  of  its  type  to  be  investigated  over  the 
range  from  dilute  aqueous  solution  to  anhydrous  melting  of  the  non-volatile 
components.  In  this  system  it  was  demonstrated  that  the  processes  taking 
place  over  the  entire  range  of  temperature  and  pressure  from  the  anhydrous 
melting  temperature,  down  through  the  regions  of  lower  temperature,  but 
still  above  red  heat,  where  both  volatile  and  non-volatile  materials  combine 
to  form  solutions  whose  vapor  pressures  reach  hundreds  of  atmospheres, 
to  the  region  of  still  lower  temperature,  where  the  solutions  are  comparatively 
dilute,  and  where  temperature  and  pressure  have  fallen  to  a  point  comparable 
with  those  of  hot  springs,  these  processes  form  a  continuous  whole,  which  is 
at  all  points  amenable  to  treatment  by  the  equations  expressing  the  equi- 
librium between  phases  in  systems  composed  of  volatile  and  non-volatile 
components.  This  work  has  been  extended  to  include  sodium  oxide,  alumi- 
num oxide,  and  calcium  oxide  among  the  non-volatile  substances,  and  carbon 
dioxide  among  the  volatile  substances,  which  together  make  up  the  usual 
magmatic  components.  The  resulting  systems  are  of  a  high  degree  of  com- 
plexity. Following  the  preliminary  orienting  survey,  it  has  therefore  been 
found  desirable  to  work  out  first  in  detail  the  relations  in  the  simpler  systems, 
of  no  more  than  three  components,  and  this  program  is  well  under  way. 
Advances  have  also  been  made  in  experimental  methods,  and  new  apparatus 
devised  and  constructed  for  the  study  of  the  equilibrium  relations  between 
volatile  and  non-volatile  components,  both  at  temperatures  below  the  critical 
temperature  of  water,  and  at  temperatures  approaching  that  of  anhydrous 
melting  of  the  non-volatile  components. 

The  past  year  has  marked  the  close  of  two  rather  long  chapters  in  our  study 
of  volcanism.  The  first  records  observations  of  a  complete  cycle  of  the 
activity  of  Vesuvius.  It  includes  a  major  eruption  (1906)  lasting  about  three 
weeks  and  nearly  continuous  observation  of  the  preliminary  phases  and  the 
receding  stages  preceding  and  following.  The  whole  period  under  observation 
covered  about  twenty  years. 

In  the  light  of  the  foregoing  discussion  of  the  far-reaching  importance  of 
pressure  in  these  studies  it  is  of  interest  to  note  that  although  lava  flows 
developed  during  the  eruption  the  most  intense  activity  appeared  to  center  in 
the  discharge  of  the  volatile  components  carried  in  solution  in  the  magma  in 
enormous  quantity,  and  in  particular  with  increasing  concentration  as  greater 
depths  within  the  lava  column  became  exposed  by  the  release  of  overlying 
pressure.  It  is  pointed  out  that  some,  perhaps  a  considerable  portion,  of  this 
tremendous  volume  of  volatile  material  may  have  come  from  the  sea  nearby, 
and  it  is  intimated  that  the  gradual  filling  up  of  the  crater  between  one  extra- 
vasation and  the  next  represents  reactions  in  which  infiltrating  sea-water 
plays  a  major  part,  though  what  manner  of  connection  exists  between  the  sea 
and  the  volcano  hearth  is  still  unknown.  Some  years  ago  it  was  demonstrated 
by  Johnston  and  his  associates  in  this  Laboratory  that  capillary  forces  could 
not  properly  be  invoked  to  account  for  accessions  of  water  into  regions  con- 
taining fluid  magma,  but  no  such  limitation  prevents  the  circulation,  in 
appropriate  channels,  of  (gaseous)  water  above  its  critical  temperature  or 
indeed  of  liquid  water  through  supercapillary  openings,  such  as  may  very  well 
be  supposed  to  exist  near  a  center  of  explosive  activity. 

It  was  observed  further  that  other  volatile  ingredients  of  a  chemically  active 
kind,  such  as  chlorine,  fluorine,  and  sulphur,  were  conspicuously  in  evidence 
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in  the  preliminary  stages  of  the  eruption,  but  as  the  period  of  maximum  in- 
tensity approached  there  appears  to  be  no  evidence  of  any  of  them  in  quanti- 
ties sufficient  to  affect  the  sense  of  smell.  The  great  outpouring  of  volatile 
matter  at  the  height  of  the  eruption  appears  therefore  to  be  water  vapor  as 
it  has  also  been  shown  to  be  at  Lassen  Peak. 

These  observations  published  under  the  title  The  Vesuvius  Eruption  of 
1906;  Study  of  a  Volcanic  Cycle,  Frank  A.  Perret,  appeared  as  volume  339  of 
the  Institution  series  of  publications,  which  is  reviewed  in  further  detail  under 
No.  542  following. 

The  second  chapter  of  volcano  studies,  to  which  reference  is  made,  was 
undertaken  at  Lassen  Peak  during  the  eruption  of  1914  and  following  years. 
These  also  have  been  embodied  in  a  volume  and  published  as  No.  360  of  the 
Institution  series  of  publications  entitled  The  Volcanic  Activity  and  Hot 
Springs  of  Lassen  Peak,  Arthur  L.  Day  and  E.  T.  Allen.  The  volume  is 
reviewed  at  some  length  under  No.  558  following. 

Perhaps  the  most  conspicuous  feature  developed  in  connection  with 
the  study  of  Lassen  Peak  volcanic  activity  was  its  comparatively  low  temper- 
ature and  high  pressure.  Many  of  the  explosions  were  of  great  violence  in 
1914  and  1915  and  again  in  1917,  but  the  temperature  only  once  appears  to 
have  reached  visible  red  heat  during  any  phase  of  the  eruptive  activity.  A 
careful  laboratory  study  of  the  ejecta  from  the  volcano  also  gives  no  indication 
of  temperatures  sufficient  to  alter  the  structure  of  the  minerals  contained 
therein.  Even  minerals  containing  water,  like  biotite,  which  is  very  common 
among  the  late  ejecta  from  Lassen  Peak,  were  not  appreciably  altered  by  any 
heat  developed  during  the  recent  eruption.  Notwithstanding  the  fact  that 
high  pressure  and  high  temperature  are  usually  found  together  in  volcanoes 
and  very  naturally  so,  this  case  is  exceptional  and  was  at  first  extremely 
puzzling  in  that  the  high  pressure,  which  was  conspicuous  in  every  feature  of 
the  activity,  appeared  to  have  been  developed  without  indication  of  the 
high  temperatures  usually  found  at  Vesuvius  or  Kilauea.  This  led  to  ex- 
tensive laboratory  studies  of  the  conditions  under  which  such  pressures  may 
be  developed  and  eventually  to  a  new  and  very  promising  explanation  of  these 
phenomena,  which  will  be  found  on  a  later  page  (p.  63). 

This  discovery  of  a  mechanism  through  which  to  account  for  enormous 
increases  of  pressure  in  a  region  of  slowly  diminishing  temperature  again 
carries  us  back  to  an  older  school  of  geophysics.  Arrhenius  in  his  Lehrbuch 
der  Geophysik  (1903)  and  even  earlier  in  a  paper  Zur  Physik  des  Vulkanismus 
published  in  Sweden  in  1901,  plainly  forecast  the  conclusion  that  volcanoes 
would  be  found  to  develop  enormous  pressures  with  falling  temperatures 
through  the  action  of  water,  but  his  suggestions  followed  altogether  different 
lines  from  those  developed  here.  He  was  chiefly  concerned  with  a  fluid  earth 
in  which  the  tremendous  viscosities  developed  by  pressure  provided  the 
necessary  rigidness  and  in  which  water  replaced  silica  in  the  silicate  magma 
because,  in  relation  to  the  bases,  it  was  believed  to  be  the  stronger  acid  at 
high  temperatures.  We  have  not  found  either  in  nature,  or  in  our  synthetic 
work  in  the  laboratory,  evidence  of  such  chemical  replacement,  but  his  con- 
clusion forms  a  remarkable  forecast  of  the  pressure  relations  here  demon- 
strated. 

As  a  part  of  the  same  volume  an  extended  study  of  the  hot  springs  of  the 
Lassen  Peak  region  between  1915  and  1923  revealed  important  relations  be- 
tween the  hot  gaseous  emanations  of  volcanic  origin,  and  the  circulating 
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waters  of  meteoric  origin.  This  information,  which  is  set  forth  in  Part  II 
of  the  Lassen  Peak  volume  (reviewed  in  detail  on  p.  64  et  seq),  is  believed  to 
be  a  more  accurate  and  extended  study  of  ground  waters  in  relation  to  vol- 
canic phenomena  than  has  hitherto  been  made. 

PUBLICATIONS. 

(539)  Immiscibility  in  high  silica  melts.     J.  W.  Greig.     Bull.  Am.  Ceram.  Soc,  3,  385-386. 

1924. 

A  preliminary  announcement  of  the  finding  of  liquid  immiscibility  in  high 
silica  mixtures  of  the  systems  CaO-Si02,  MgO-Si02,  and  SrO-SiC>2. 

(540)  The  distribution  of  iron  in  meteorites  and  in  the  Earth.     L.  H.  Adams  and  H.  S. 

Washington.     J.  Wash.  Acad.  Sci.,  14,  333-340.     1924. 

In  a  previous  publication  from  this  Laboratory  (No.  513),  reasons  were 
given  for  believing  that  the  central  iron  core  within  the  Earth  is  surrounded 
by  a  zone  of  mixed  silicate  and  iron.  In  view  of  the  supposed  similarity 
between  meteorites  and  the  interior  of  the  Earth,  it  is  important  to  consider 
in  detail  the  structure  and  composition  of  meteorites.  A  large  proportion 
of  meteorites  consists  of  a  mixture  of  iron  (containing  a  little  nickel)  and 
silicate  rock  (chiefly  olivine  and  pyroxene).  The  metallic  and  non-metallic 
constituents  may  be  intermingled  in  two  ways :  the  silicate  may  be  scattered 
sporadically  through  a  more  or  less  continuous  mass  of  metal,  or  the  metal 
may  be  scattered  through  a  mass  of  silicate.  The  first  type  is  here  called 
lithospor,  and  the  second,  ferrospor,  while  the  continuous  medium  is  called 
the  continuum.  These  two  types  are  illustrated  by  photographs  of  meteors 
and  of  terrestrial  iron-bearing  basalt,  and  are  believed  to  represent  what 
exists  in  the  deeper  parts  of  the  Earth. 

(541)  The  fumarolic  incrustations  in  the  Valley  of  Ten  Thousand  Smokes.    I:  Analytical 

procedure.     E.  G.  Zies.     National  Geographic  Society,  Contributed  Technical 
Papers,  Katmai  Series,  No.  3,  pp.  159-179.     1924. 

The  preliminary  examination  of  the  fumarolic  incrustations  found  in  the 
volcanic  area  of  Alaska,  called  the  Valley  of  Ten  Thousand  Smokes,  revealed 
the  presence  of  the  metallic  constituents — lead,  copper,  tin,  molybdenum, 
and  zinc.  A  more  detailed  study  was  therefore  undertaken  in  order  first 
to  determine  the  relation  of  these  incrustations  to  the  steam  and  acid 
gases  issuing  from  the  fumaroles  and,  second,  to  determine  by  what 
mechanism  the  various  metallic  constituents  had  been  transported  and  con- 
centrated. Such  a  study  calls  for  detailed  chemical  analysis  of  the  incrusta- 
tions. 

In  this,  the  first  paper  on  the  incrustations,  is  described  the  general  pro- 
cedure followed  in  analyzing  the  incrustations  found  in  the  Valley.  Atten- 
tion is  especially  drawn  to  the  usefulness  and,  at  times,  the  necessity,  of 
combining  spectrographic  analysis  with  chemical  analysis  when  small 
amounts  of  some  constituent  are  to  be  determined.  The  analytical  methods 
used  in  determining  the  amounts  of  the  metallic  constituents  present  in  a 
sample  of  fumarolic  magnetite  are  also  described. 

The  analysis  of  this  magnetite  showed  that  all  of  the  metallic  constituents 
mentioned  above,  together  with  manganese,  are  present.  Copper  is  present 
as  a  sulfide  deposited  on  the  magnetite,  whereas  zinc  and  manganese  seem 
to  be  a  part  of  the  magnetite  itself,  in  this  respect  reminding  one  of  the  well- 
known  mineral  franklinite.  It  is  also  shown  that  this  magnetite  was  so 
abundant  in  one  of  the  fumaroles  that  it  is  impossible  to  think  of  it  as  having 
been  derived  from  the  near-by  pumice.     In  view  of  the  fact  that  the  steam 
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issuing  from  the  fumaroles  contains  hydrochloric  and  hydrofluoric  acid,  it 
seems  very  probable  that  the  magnetite  was  derived  from  some  combination 
of  iron  and  halogen  that  had  been  brought  up  from  below  in  a  vapor  phase. 

In  the  subsequent  paper  the  associated  incrustations  will  be  described, 
since  these  furnish  the  evidence  on  which  is  based  the  belief  that  the  magnet- 
ite and  also  the  metallic  constituents  were  derived  through  a  vapor  phase  by 
the  action  of  the  steam  and  the  hot  acid  fumarolic  gases,  either  on  the 
magma  itself  or  on  the  overlying  rock  and  deposited  in  the  cooler  portions 
of  the  vents;  the  forms  in  which  they  were  deposited  depending  on  the  pre- 
vailing thermal  conditions  as  well  as  on  the  individual  chemical  properties 
of  the  elements  in  question. 

(542)  The  Vesuvius  eruption  of  1906 :  Study  of  a  volcanic  cycle.    Frank  A.  Perret.   Carnegie 

Institution  of  Washington,  Publ.  No.  339.     151  pp.,  25  pis.     1924. 

This  book  is  a  monograph  on  the  latest  great  eruption  of  Vesuvius;  but  it 
differs  from  other  such  vulcanological  studies  of  great  eruptions  in  that  the 
catastrophic  "eruption,"  which  lasted  about  three  weeks,  is  regarded  and 
treated  as  the  culminating  phase  of  a  prolonged  cycle  of  volcanic  activity. 

In  successive  parts  the  phenomena  of  the  pre-eruption  period  (1903-1906), 
the  great  eruption  (April  1906),  the  repose  period  (1906-1913),  and  the  new 
eruptive  period  (1913-1921)  are  described  in  great  detail.  The  narrative 
of  the  great  eruption  is  particularly  complete,  as  the  author  was  one  of  those 
stationed  at  the  Observatory,  close  to  the  terminal  cone,  during  the  entire 
eruption,  and  so  was  an  eye-witness  at  very  close  range,  from  beginning  to 
end,  of  the  very  varied  phenomena  and  of  the  stupendous,  culminating  out- 
burst. 

The  author  sets  forth  at  length  his  explanation  of  the  causes  and  mechanism 
of  the  eruption,  discusses  the  influence  of  the  Sun  and  the  Moon,  and  describes 
with  much  detail  the  explosive,  seismic,  and  electrical  effects,  the  hot  ava- 
lanches, the  formation  of  lava  and  ash,  and  other  phenomena  of  the  eruption. 
He  also  describes  the  many  fumaroles  formed  during  the  repose  period,  and 
gives  an  account  of  the  gradual  filling  in  of  the  enlarged  crater  by  degrada- 
tion and  collapse  of  the  walls  and  by  the  effusion  of  lavas  on  the  crater  floor 
since  1913,  which  thus  inaugurate  what  is  considered  to  be  the  pre-eruption 
period  of  a  new  cycle.  Various  instruments,  methods  of  recording  the 
phenomena  of  eruptions,  the  petrography  of  the  lavas,  and  other  matters 
are  discussed  in  appendices. 

The  numerous  illustrations,  almost  all  from  photographs  taken  by  the 
author,  form  an  important  feature  of  the  book,  as  they  furnish  an  almost 
complete  pictorial  record  of  the  successive  events. 

(543)  The  structure  of  crystals.    Ralph  W.  G.  Wyckoff.     Monograph  No.  19,  American 

Chemical  Society  Monograph  Series,  462  pp.,  Chemical  Catalog  Company, 
New  York.     1924. 

This  book  treats  the  subject  of  crystal  analysis  through  two  main  divisions: 
Part  I:  The  Methods  of  Crystal  Analysis;  and  Part  II:  The  Results  of  Crystal 
Analysis.  *  In  the  first  part  available  methods  of  crystal  structure  study  are 
developed  from  the  generally  useful  standpoint  which  the  use  of  the  theory 
of  space  groups  makes  possible.  Its  chapter  headings  are:  The  Symmetry 
Characteristics  of  Crystals;  Some  Properties  of  X-rays;  The  Interaction  of 
X-rays  and  Crystals;  The  Production  and  Interpretation  of  Laue  Photo- 
graphs; X-ray  Spectrometry  and  Spectroscopy;  Powder  Spectrometry  and 
Spectroscopy;  A  Generally  Applicable  Method  for  Determining  the  Structure 
of  Crystals;  and,  A  Brief  Historical  Outline  of  the  Development  of  Existing 
X-ray  Diffraction  Methods.     In  the  second  part  the  present  results  of  crystal 
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analysis  are  treated  from  the  standpoint  outlined  in  Part  I.  Its  chapter  head- 
ings are:  An  Introduction  to  the  Discussion  of  Existing  Crystal  Structure 
Results;  The  Crystal  Structures  of  Elements  and  of  Metallic  Alloys;  The 
Crystal  Structures  of  Carbides,  Oxides,  etc.;  The  Crystal  Structures  of 
Halides,  Cyanides,  etc.;  The  Crystal  Structures  of  Nitrates,  Carbonates,  etc.; 
Incomplete  Crystalline  and  Non-crystalline  Diffraction  Phenomena;  and, 
Some  Applications  of  Diffraction  Information.  Two  appendices  supply  a 
bibliography  and  various  necessary  tables. 

(544)  A  straight  line  chart  for  the  solution  of  spherical  triangles.     F.  E.  Wright.     J.  Wash. 

Acad.  Sci.,  14,  399-407.     1924. 

The  straight  line  cosine  chart  first  proposed  by  M.  d'Ocagne  for  the  solu- 
tion of  the  triangle  for  the  spherical  distance  between  two  points,  whose  lati- 
tudes and  longitudes  are  known,  has  recently  been  applied  by  Littlehales  to 
the  solution  of  the  spherical  triangle  required  by  the  Sumner  line  method  of 
navigation.  Satisfactory  as  the  chart  is  for  this  particular  problem,  its 
range  of  usefulness  can  be  extended  so  as  to  include  the  solution  of  any 
spherical  triangle  for  which  any  three  angles  are  known.  To  attain  this 
result  it  is  necessary  to  relabel  the  scales  of  the  d'Ocagne  chart  and  to  assign 
to  each  of  the  six  identical  scales  definite  angles  of  the  spherical  triangle. 
A  straight  line  is  passed  through  points  on  the  scales  at  the  sides  or  the  top 
and  bottom  of  the  chart.  The  unknown  angles  are  then  determined  by  the 
intersection  of  this  straight  line,  either  with  a  given  ordinate  or  with  a  second 
straight  line.  The  accuracy  attainable  by  a  chart  of  this  kind  is  commonly 
one  to  two  tenths  of  a  degree  of  arc,  depending  somewhat  on  the  angles  of 
the  spherical  triangle;  it  may  mount  to  a  degree  or  more  in  an  unfavorable 
case. 

The  possibility  is  also  suggested  of  constructing  a  simple  trigonometric 
computer  based  on  this  principle. 

(545)  The  binary  system  sodium  metasilicate-silica.     G.  W.  Morey  and  N.  L.  Bowen. 

J.  Phys.  Chem.,  28,  1167-1179.     1924. 

This  investigation  of  the  melting-point  relations  in  the  binary  system 
sodium  metasilicate-silica  was  undertaken  primarily  because  of  its  importance 
as  an  end-member  of  more  complicated  systems  of  direct  petrologic  bearing; 
in  particular,  those  formed  by  the  addition  of  alumina  and  water,  which  are  at 
present  being  studied  by  us.  Publication  of  this  material  by  itself  was,  how- 
ever, deemed  advisable  because  of  the  considerable  technologic  interest  in  this 
system,  not  only  by  reason  of  its  bearing  on  the  problem  of  the  important 
soda-lime  glasses,  but  also  as  constituting  in  itself  a  major  chemical  industry. 
The  manufacture  of  silicate  of  soda  has  grown  to  be  one  of  the  largest  chemical 
industries,  and  one  whose  ramifications  rival  those  of  sulfuric  acid.  The 
system  Na2Si03-Si02  has  been  found  to  be  of  a  simple  type,  with  one  com- 
pound, sodium  disilicate,  Na20.2Si02,  and  no  solid  solutions.  The  melting 
point  of  Na2Si03  is  1088°  and  the  eutectic  Na2Si03-Na20.2Si02  is  at  840°, 
62.5  mol  per  cent  Na2Si03,  37.5  mol  per  cent  Si02.  Na20.2Si02  has  a  con- 
gruent melting  point  at  874°,  and  its  melting  point  curve  is  characterized  by  an 
unusually  flat  maximum.  The  Nas0.2Si02-quartz  eutectic  is  at  793°,  35 
mol  per  cent  Na2Si03,  65  mol  per  cent  Si02. 

This  low-melting  eutectic  is  of  basic  importance  in  interpreting  problems 
both  of  petrology  and  of  glass  technology.  Addition  of  alumina  to  the  alkali 
disilicate-silica  eutectic  results  in  the  formation  of  feldspar,  and  the  cor- 
responding ternary  eutectic  containing  feldspar  and  silica  is  of  interest  in  con- 
nection with  the  later  stages  in  the  crystallization  of  the  igneous  rocks. 
Addition  of  lime  to  the  alkali  disilicate-silica  eutectic  results  in  a  composition 
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corresponding  to  that  of  the  majority  of  commercial  glasses,  and  in  the  low 
crystallizing  temperature  of  such  mixtures  is  to  be  found  the  explanation  of 
their  remaining  in  the  "glassy"  or  liquid  condition  throughout  their  working 
range. 

(546)  The  radial  distribution  of  certain  elements  in  the  Earth.     Henry  S.  Washington.     J. 

Wash.  Acad.  Sci.,  14,  435-442.     1924. 

The  distribution  of  matter  in  the  Earth,  suggested  by  Adams,  Williamson, 
and  Washington  (see  Nos.  513  and  540),  is,  roughly,  as  follows:  Around  a 
central  core  of  nickel-iron  is  a  shell  of  nickel-iron  mixed  with  sporadic  olivine ; 
this  merges  into  a  shell  of  mixed  pyroxene  and  olivine,  with  less,  and  sporadic 
nickel-iron;  this  grades  into  a  metal-free  shell  of  mixed  pyroxene  and  less 
olivine ;  and  this  last  into  the  thin,  outer  crust,  composed  of  basaltic  material 
below  and  granitic  material  above.  If  this  distribution  be  approximately 
correct,  the  Earth  is  composed  chiefly  _of  only  eight  elements,  and  these 
show  certain  serial  progressions  from  the  center  to  the  surface.  Metallic 
iron  and  nickel  gradually  decrease,  disappearing  at  about  three-quarters  of 
the  radius  toward  the  surface.  Silicates  of  iron  and  magnesium,  in  the  lower 
levels,  later  with  calcium,  become  gradually  more  abundant;  in  the  crust  the 
order  of  abundance  of  silicates  outwards  is  first  aluminum,  then  sodium, 
followed  by  potassium,  and  free  silica  (quartz).  The  percentage  of  silica, 
silicon,  and  oxygen  gradually  increases  regularly  from  the  center  to  the  sur- 
face. The  eight  elements,  which  make  up  probably  more  than  99  per  cent 
of  the  Earth,  are,  in  their  probable  order  of  abundance :  iron,  oxygen,  silicon, 
magnesium,  nickel,  calcium,  aluminum,  sodium,  potassium.  The  apparent 
general  order  of  abundance,  from  the  center  to  the  surface  is  the  order  of  their 
electro-affinity,  from  the  least  to  the  most  positive,  and  they  are  among  the 
elements  most  abundant  in  the  Sun's  atmosphere.  Several  theoretical  ques- 
tions are  suggested. 

(547)  The  crystal  structure  of  dolomite.     Ralph  W.  G.  Wyckoff  and  Herbert  E.  Merwin. 

Am.  J.  Sci.,  8,  447-461.     1924. 

Laue  photographs  show  that  crystals  of  dolomite  have  a  symmetry  of 
atomic  arrangement  which  is  lower  than  that  of  calcite.  From  this  observa- 
tion alone  it  is  clear  that  dolomite  is  a  chemical  substance  distinct  from  calcite 
and  magnesite. 

The  simplest  unit  cell  compatible  with  the  attainable  diffraction  data  is 
found  and,  proceeding  upon  the  assumptions  that  this  unit  is  the  correct  one 
and  that  dolomite  has  a  symmetry  greater  than  that  of  the  point  group  3C, 
the  only  possible  atomic  arrangement  is  selected.  This  structure  contains 
four  variable  parameters  and  hence  no  attempt  was  made  to  define  the  exact 
positions  of  either  the  carbon  or  the  oxygen  atoms. 

Crystals  of  pure  magnesium  dolomite  and  dolomite  in  which  30  per  cent  of 
the  magnesium  atoms  are  replaced  by  atoms  of  ferrous  iron  have  units  of 
practically  identical  sizes  and  shapes.  In  this  compound,  therefore,  the 
magnesium  and  ferrous  iron  atoms  are  structurally  interchangeable  to  a 
remarkable  degree. 

(548)  San  Felix  and  San  Ambrosio:  Their  geology  and  petrology.     Bailey  Willis  and  Henry 

S.  Washington.     Bull.  Geol.  Soc.  Amer.,  35,  365-384.     1924. 

San  Felix  and  San  Ambrosio  are  two  islands  situated  in  the  Pacific  Ocean, 
at  about  26°  south  latitude  and  80°  west  longitude,  some  500  miles  west  of 
Chafiaral  in  Chile.  They  were  visited  by  Willis  in  May  1923,  in  connection 
with  his  study  of  the  Chilean  earthquake  of  November  10,  1922.  Willis 
found  that  the  reported  eruption  at  San  Felix  was  doubtful,  although  there 
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were  signs  of  solfataric  activity,  but  that  they  had  no  immediate  bearing  on 
the  earthquake. 

The  two  islands,  with  the  islet  of  Peterborough  Cathedral,  are  described 
by  Willis.  They  are  both  remains  of  volcanic  craters,  San  Ambrosio  being 
but  a  fragment,  while  San  Felix  preserves  about  one-half  of  the  ancient  crater 
wall.  San  Ambrosio  appears  to  be  composed  of  flows  of  basalt.  San  Felix 
consists  of  two  hills  of  tuff,  at  either  end,  with  basaltic  flows  between,  the 
island  forming  the  crescentic  northern  side  of  the  crater  wall.  Peterborough 
may  represent  either  a  separate  volcanic  center  or  part  of  a  flow  from  San 
Felix  volcano. 

The  lavas  of  San  Felix,  as  represented  by  the  specimens  collected  by 
Willis,  are  of  only  two  kinds :  a  rather  sodic  trachyte,  very  similar  to  trachytes 
found  on  Hawaii  and  Maui  in  the  Hawaiian  Islands,  Mas-a-fuera  of  the  Juan 
Fernandez  group,  and  elsewhere  in  the  Pacific;  and  limburgitic  basalts 
(nephelite  basanite),  also  found  on  other  Pacific  islands.  The  yellow  tuffs  are 
derived  from  similar  limburgitic  lavas.  Petrographical  descriptions  and  five 
analyses  of  the  San  Felix  rocks  are  given,  and  their  relations  to  similar  lavas 
from  Pacific  volcanoes  are  discussed.  The  lavas  of  San  Ambrosio  appear 
(from  one  specimen)  to  be  tephritic  or  limburgitic  basalt,  as  shown  by  the 
petrography  and  one  analysis. 

There  appears  to  be  great  similarity  between  the  lavas  of  these  two  islands 
and  those  of  the  Juan  Fernandez  group,  which  lies  about  500  miles  south  on 
the  same  submarine  ridge;  and  the  study  of  the  rocks  adds  weight  to  the  gen- 
eral view  now  held  that  the  lavas  of  the  Intro-Pacific  volcanoes  are  distinctly 
sodic,  are  rather  high  in  iron,  and  contain  considerable  titanium  and  phos- 
phorous.    The  bearing  of  these  conclusions  is  reserved  for  a  future  paper. 

(549)  Temperatures  at  moderate  depths  within  the  Earth.    Leason  H.  Adams.    J.  Wash. 
Acad.  Sci.,  14,  459-472.     1924. 

In  the  application  of  the  results  of  laboratory  measurements  to  the  solu- 
tion of  problems  concerning  the  Earth's  interior  it  is  important  to  have  an 
estimate,  even  though  it  be  a  very  crude  one,  of  the  temperatures  at  various 
depths  within  the  Earth.  A  temperature  curve  is  calculated  in  accordance 
with  the  method  of  Holmes,  who  first  successfully  reconciled  the  thermal 
condition  of  the  Earth  with  the  heat  given  off  by  the  radioactive  material 
known  to  be  present  in  surface  rocks. 

In  order  to  calculate  the  temperatures  it  is  necessary  to  determine  the  initial 
temperature-distribution,  that  is,  the  thermal  condition  at  the  time  the  Earth 
began  to  cool  as  a  solid  body.  Then,  from  the  age  of  the  Earth  as  fixed  by 
the  lead-uranium  ratio  in  the  oldest  known  rocks,  from  the  present  thermal 
gradient  at  the  surface,  and  from  the  known  amount  of  radioactive  elements 
in  superficial  rocks  the  temperatures  within  the  Earth  can  be  calculated,  due 
allowance  being  made  for  the  heat  produced  by  radioactive  disintegration. 

The  present  calculation  extends  to  300  km.  depth  and  is  based  on  an  initial 
temperature-distribution  arising  from  the  crystallization,  from  the  bottom 
upwards,  of  the  primitive  magma,  which  is  believed  to  consist  almost  entirely 
of  iron-magnesium  silicates,  corresponding  to  a  peridotite  rock.  It  is  shown 
that  if  the  material  at  great  depths  is  not  crystalline,  but  glassy,  then  the 
initial  thermal  condition  would  have  been  approximately  the  same.  It  is 
also  shown  that  the  initial  temperature  in  the  upper  50  or  100  km.  could  have 
no  effect  on  the  present-day  temperatures — the  temperatures  at  moderate 
depths  are  determined  almost  entirely  by  the  original  temperature  at  depths 
greater  than  100  km. 

The  temperature  curve  here  given  makes  no  pretense  of  finality,  but  it  may 
be  a  useful  guide  in  discussions  involving  the  deeper  parts  of  the  Earth's  crust. 
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(550)  Thermostats  for  very  high  temperatures.     Leason  H.  Adams.     J.  Opt.  Soc.  Amer., 

etc.,  9,  599-603.     1924. 

This  is  one  of  a  series  of  reports  prepared  at  the  request  of  the  Committee 
on  Research  Methods  and  Technique  appointed  by  the  Division  of  Physical 
Sciences  of  the  National  Research  Council.  A  brief  description  is  given  of  a 
thermostat  for  high-temperature  electric  furnaces,  based  on  a  method  pre- 
viously described  (White  and  Adams,  abstract  No.  18,  Annual  Report,  1919), 
with  the  addition  of  an  electron  tube  for  preventing  the  sticking  of  the  relay 
contacts. 

(551)  Orthorhombic  space  group  criteria  and  their  application  to  aragonite.    Ralph  W.  G. 

Wyckoff.     Am.  J.  Sci.,  9,  145-175.     1925. 

The  problem  of  choosing  the  correct  unit  cell  and  the  corresponding  space 
group  of  a  crystal  is  discussed.  The  distinguishing  criteria  are  given  for 
both  the  special  and  the  general  cases  of  the  holohedral  orthorhombic  space 
groups.  These  criteria  are  applied  to  spectrum  and  Laue  photographic 
data  from  aragonite.  In  this  way  it  is  conclusively  shown  that  if  aragonite 
possesses  holohedral  symmetry,  its  space  group  must  be  2Di-16.  The  nature 
of  this  space  group  and  the  general  characteristics  of  structures  which  thus 
remain  possible  are  briefly  discussed. 

(551a)  Kriterien  fur  rhombische  Raumgruppen  und  ihre  Anwendung  auf  Aragonit.    Ralph 
W.  G.  Wyckoff.     Z.  Krist.,  61,  425-451.     1925. 

This  is  a  slightly  shorter  presentation  of  the  material  in  No.  551. 

(552)  The  modern  study  of  minerals.     Henry  S.  Washington.     Am.  Mineralogist,  10, 

45-52.     1925. 

This  paper,  a  condensed  version  of  the  presidential  address  of  the  Mineral" 
ogical  Society  of  America  in  December  1924,  outlines  some  features  of  the 
progress  in  the  study  of  minerals  during  the  past  hundred  years  and  points 
out  some  of  the  prominent  features  of  the  modern  study  of  minerals.  Stress 
is  laid  on  the  importance  of  the  chemical,  optical  (and  other  physical),  and 
X-ray  study  being  carried  out  on  identical  material,  and  also  on  the  value 
of  cooperation  between  workers  along  the  various  lines. 

(553)  Afwillite,  a  new  hydrous  calcium  silicate  from  Dutoitspan  mine,  Kimberley,  South 

Africa.    John  Parry  and  F.  E.  Wright.    Mineralog.  Mag.,  20, 277-286.    1925. 

This  new  mineral  occurs  in  a  large  dolerite  inclusion  in  the  kimberlite 
of  the  Dutoitspan  mine.  It  forms  large  crystals,  water  clear  and  free  from 
impurities.  Its  chemical  composition  is  3Ca0.2Si02.3H20.  Its  crystal- 
lographical  and  optical  properties  are  briefly:  crystal  system,  monoclinic; 
axial  ratios,  a  :b:c  =  2.097:1:2.381,  |3  =  98°26';  cleavage,  (001)  perfect, 
(100)  imperfect;  fracture,  conchoidal;  hardness  =  4;  specific  gravity,  2.62; 
etch  figures  on  (001)  easy  to  obtain  with  weak  HC1;  luster,  vitreous;  refractive 
indices  for  sodium  light,  a  =  1.6169,  jS  =  1.6204,  7  =  1.6336;  optical  orientation, 
b  =  |3;  c:a  red  =  310,  c:a  blue  =  29.9°.  The  acute  bisectrix  includes  an  angle 
—  22.2°  with  the  basal  pinacoid;  optical  character  positive;  optic  axial  angle 
for  sodium  light  2E  =  96°  05';  for  mercury  light  2E435w  =  100°  28';  dispersion 
inclined.  The  mineral  is  named  afwillite  in  honor  of  its  discoverer,  Mr.  A.  F. 
Williams  of  Kimberley. 

(554)  Some  fundamental  principles  governing  the  corrosion  of  a  fire  clay  refractory  by  a 

glass.     Robert  B.  Sosman.     J.  Am.  Ceram.  Soc,  8,  191-204.     1925. 

Emphasis  is  placed  on  the  important  distinction  between  equilibrium  and 
rate  of  reaction.     The  occurrence  of  any  reaction  is  determined  by  the  value 
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of  the  quantitative  property  called  zeta,  which  can  be  found  by  means  of 
measurements  of  latent  and  specific  heats.  This  quantity  also  determines 
the  number  of  phases  present  at  equilibrium  arid  the  way  in  which  the 
equilibrium  changes  with  temperature.  The  number  and  the  character 
of  these  phases  depend  upon  the  composition  of  the  chemical  system  made 
up  of  glass  and  refractory;  the  problem  in  the  corrosion  of  a  pot  or  tank  by 
a  lime-soda  glass,  for  example,  is  a  problem  of  the  crystalline  phases  in 
equilibrium  at  a  certain  temperature  with  an  aluminous  liquid  phase  in  the 
four-component  system  Si02:Al203:CaO:Na20. 

The  rate  at  which  progress  is  made  toward  the  attainment  of  this  equi- 
librium is  determined  mainly  by  the  rate  of  diffusion,  which  in  turn  depends 
upon  the  viscosity  of  the  liquid  glass.  Mechanical  factors,  such  as  steady 
or  turbulent  flow,  must  also  be  considered. 

(555)  The  corrosion  of  glass  surfaces.     George  W.  Morey.     Ind.  and  Eng.  Chem.,  17, 

389-392.     1925. 

This  is  a  contribution  to  a  symposium  on  corrosion,  held  by  the  American 
Chemical  Society  at  its  Spring,  1925,  meeting  in  Baltimore,  Maryland. 
The  extensive  use  of  glass  as  a  container,  and  the  increasing  use  of  glass  as  a 
material  of  chemical  engineering,  are  to  be  ascribed  to  the  power  of  resisting 
the  corrosive  action  of  atmospheric  agencies  and  aqueous  solutions  possessed 
by  glass;  and  in  its  other  uses  this  property  is  also  essential.  The  necessity 
of  producing  a  glass  resistant  to  corrosion  definitely  limits  the  compositions 
which  may  be  employed,  and  makes  impracticable  some  otherwise  desirable 
glasses.  The  mechanism  of  the  corrosion  of  glass  by  water  is  complex,  in- 
volving in  its  initial  stages  a  probable  miscibility  of  glass,  regarded  as  an 
undercooled  liquid,  with  water,  and  in  its  later  stages  the  complete  decomposi- 
tion of  the  silicates.  At  ordinary  temperatures  these  processes  require  a 
long  time  for  their  completion,  but  at  higher  temperatures  they  can  be  fol- 
lowed in  their  various  stages  to  the  end.  In  interpreting  the  results  obtained 
by  the  various  methods  of  testing  glass,  it  is  necessary  to  bear  in  mind  that  the 
term  "solubility"  has  no  meaning  in  connection  with  such  complex  processes, 
and  the  testing  methods  employed  merely  afford  a  measure  of  the  rate  at 
which  the  reactions  take  place.  Such  rates  of  reaction  are  peculiarly  sus- 
ceptible to  change  in  the  conditions  of  experiment,  and  great  care  must  be 
taken  to  specify  these  conditions.  The  effect  of  various  oxides  on  the  resis- 
tance of  glass  to  corrosion  is  briefly  outlined. 

(556)  The  space  group  of  barite  (BaS04).    Ralph  W.  G.  Wyckoff  and  Herbert  E.  Merwin. 

Am.  J.  Sci.,  9,  286-295.     1925. 

As  a  result  of  the  analysis  of  Laue  and  spectrum  photographs,  it  is  shown 
that  the  unit  cell  of  barite  contains  four  molecules  of  BaSC>4  and  has  the 
following  approximate  dimensions: 


o 


a0  =  Y  =  8.89A°;  b0  =  5.45A°;  c0  =  Z  =  7.17A 

corresponding  to  the  axial  ratio  a  :b:c  =  1.633:1:1.316.  From  the  same  data 
it  is  shown  that  the  corresponding  space  group  of  barite  must  be  2Di-16. 
The  bearing  of  these  results  upon  the  atomic  arrangement  in  crystals  of 
BaS04  is  briefly  discussed. 

(556a)  Die  Raumgruppe  des  Baryt  (BaS04).     Ralph  W.  G.  Wyckoff  und  Herbert  E. 
Merwin.     Z.  Krist.,  61,  452-462.     1925. 

Translation  of  No.  556. 
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(557)  The  study  of  earth  movements  in  California.     Arthur  L.  Day.     Science,  61,  323-328. 

1925.  (Address  of  the  retiring  president  of  the  Washington  Academy  of 
Sciences,  delivered  at  the  annual  meeting  of  the  Academy  on  January  13, 
1925.) 

Work  on  the  study  of  earth  movements  in  California  has  been  in  progress 
for  four  years.  A  resume  is  given  of  the  work  already  accomplished  and 
plans  for  future  study  are  outlined.  Research  organizations  differing  widely 
in  points  of  view  are  cooperating  in  this  effort.  These  include  the  U.  S.  Coast 
and  Geodetic  Survey,  the  U.  S.  Hydrographic  Office,  the  U.  S.  Geological 
Survey,  the  University  of  California,  Stanford  University,  the  California 
Institute  of  Technology,  and  two  departments  of  the  Carnegie  Institution 
of  Washington:  the  Mount  Wilson  Observatory  and  the  Geophysical  Labora- 
tory. 

(558)  The  volcanic  activity  and  hot  springs  of  Lassen  Peak.    Arthur  L.  Day  and  E.  T. 

Allen.  Carnegie  Institution  of  Washington,  Publ.  No.  360,  viii+190  pp., 
14  pis.     1925. 

The  volcanic  activity  at  Lassen  Peak  began  with  an  explosion  in  the  summit 
crater  on  May  30,  1914,  the  first  outburst  breaking  through  snow  of  consider- 
able depth.  These  explosions  continued  every  four  or  five  days  throughout 
the  summer  and  autumn  and  possibly  to  some  extent  in  the  winter  season 
also,  but  the  conditions  of  observation  in  winter  were  unfavorable.  In  May 
of  1915,  almost  exactly  one  year  after  the  initial  explosion,  came  three  days  of 
terrific  activity,  during  which  the  dust  cloud  reached  a  height  of  25,000  feet 
above  the  summit  of  the  mountain  and  blocks  the  size  of  a  man's  hand  were 
thrown  for  ten  miles.  During  this  culminating  outbreak,  or  just  before  it, 
the  old  volcano  plug  forming  the  floor  of  the  crater  was  raised  300  feet  or  more, 
to  a  position  level  with  the  crater  rim,  the  force  behind  it  apparently  being 
just  insufficient  to  blow  it  completely  out  of  the  mountain,  and  so  to  expose 
the  volcano  hearth.  The  point  of  greatest  weakness  then  proved  to  be  at 
the  northeast  side  of  the  inclosing  cone  somewhat  below  the  summit,  and  two 
devastating  explosions,  the  latter  concluding  the  period  of  most  violent 
activity,  found  vent  through  this  opening.  Although  the  adjacent  valleys 
of  Hat  Creek  and  Lost  Creek  were  stripped  of  all  vegetation  for  a  distance  of 
more  than  four  miles  by  these  horizontal  blasts,  no  fire  appears  to  have  been 
set  by  the  explosions.  Red-hot  ejecta  at  the  summit  or  illuminated  smoke 
clouds  at  night  were  seen  only  once  (May  19,  1915).  Generally  the  ejecta 
were  not  warm  enough  to  melt  the  snow  on  which  they  fell.  In  mid-summer 
likewise  no  case  is  known  where  the  ejecta  were  hot  enough  to  kindle  a  forest 
fire. 

The  problem  offered  by  such  a  volcano  presents  itself  in  this  way.  If  the 
volcano  is  assumed  to  be  a  slowly  cooling  system  maintained  by  residual 
heat  from  a  local  hot  zone  below  the  surface,  how  can  we  account  for  the 
sudden  development  in  such  a  cooling  system  of  violent  explosive  activity 
without  displaying  evidence  of  high  initial  temperature  or  contributory 
chemical  reactions. 

The  solution  offered  is  briefly  this.  A  silicate  solution  (magma)  in  its 
liquid  state  can  take  up  water  in  solution  in  considerable  quantity.  Silica 
and  potash  when  heated  under  pressure  in  the  laboratory  are  capable  of 
taking  up  as  much  as  12.5  per  cent  of  water  in  solution.  A  rock  magma  in 
the  earth  is  just  such  a  silicate  solution,  although  more  complicated  in  com- 
position, and  is  entirely  competent  to  carry  5  or  6  per  cent  of  water  in  solu- 
tion. If  it  should  happen  that  the  lava  beneath  a  volcano  carries  such  quanti- 
ties of  water  then  the  phenomena  of  volcanism  become  appreciably  clearer, 
for  in  the  8,000  or  more  analyses  of  crystalline  rocks  of  igneous  origin,  which 
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have  been  gathered  together  by  Washington  and  published  by  the  U.  S. 
Geological  Survey,  there  is  none  containing  more  than  1.5  per  cent  of  water, 
and  less  than  1  per  cent  is  usual.  This  must  mean  that  in  the  process  of 
crystallization  of  the  rock  from  the  magma  the  water  content  is  for  the  most 
part  discharged.  Should  it  happen  that  this  discharge  of  water  occurs  in 
a  closed  space  then  immense  pressures  might  develop  and  explosive  activity 
result.  If  the  amount  of  participating  magma  were  large  and  the  rate  of 
crystallization  considerable  such  activity  might  continue  for  long  periods  of 
time. 

The  hot  springs  of  the  Lassen  National  Park  occur  along  fault  lines  in  the 
dacite  lavas  at  elevations  of  5,500  to  8,000  feet.  The  largest  group  occupies 
an  area  about  500  feet  by  1,400  feet  in  extent.  Most  of  the  springs  are  of 
the  solfataric  type,  hence  the  ground  about  them  is  usually  barren.  The 
spring  pools  vary  in  size  from  a  diameter  of  50  feet  or  more  down  to  insig- 
nificant dimensions,  but  the  discharge  from  them  is  always  comparatively 
slight.  Spouting  springs,  mud-springs,  and  mud-pots  are  common,  but  there 
are  no  geysers  within  the  limits  of  the  Park,  though  there  is  at  least  one  just 
outside  of  it.  With  rare  exceptions  no  sinters  are  found.  Temperatures 
vary  widely  though  many  springs  are  boiling.  The  mineral  concentration 
of  the  waters  is  comparatively  low,  the  highest  actually  determined  being 
under  1,600  parts  per  million,  and  the  evidence  indicates  that  it  varies  con- 
siderably. 

There  can  be  no  doubt  that  much  of  the  water  in  these  springs  is  of  me- 
teoric origin  for  the  springs  occupy  natural  drainage  basins  where  precipi- 
tation is  high  and  where  cold  springs  would  be  expected  if  the  region  were  not 
volcanic.  In  the  time  of  melting  snow  the  discharge  of  water  is  greatest, 
while,  as  the  ground  becomes  drier  with  advancing  summer,  the  water  level 
often  falls  conspicuously,  the  temperature  frequently  rises  if  the  water  is  not 
already  boiling,  or  boils  more  violently— as  may  be  seen  in  the  spouting  of 
springs.  In  general  the  total  discharge  from  a  given  area  perceptibly  declines. 
These  seasonal  changes  which  have  been  followed  more  or  less  completely  in 
several  successive  visits  can  be  satisfactorily  explained  only  on  the  assump- 
tion that  the  amount  of  surface  water  in  the  springs  varies  widely. 

There  are  reasons  almost  equally  strong  though  not  so  obvious  for  con- 
cluding that  a  portion  of  the  water  is  of  magmatic  origin.  Gases  consisting 
chiefly  of  carbon  dioxide  with  smaller  amounts  of  nitrogen,  argon,  hydrogen 
sulphide,  marsh-gas,  and  hydrogen  are  found  escaping  generally  from  spring 
and  fumarole  vents  and  in  proportions  comparatively  uniform  throughout  the 
district.  These  gases  show  by  their  composition  and  occurrence  that  they 
are  volcanic.  Because  gases  are  not  so  readily  handled  as  rocks,  because  on 
the  whole  they  are  not  easily  identified  in  the  field,  and  because  they  have  not 
very  frequently  been  collected  and  analyzed,  they  have  not  attracted  from 
geologists  the  attention  they  deserve. 

It  is  probably  not  often  realized  that  the  emanation  of  volcanic  gases, 
attended  as  it  generally  is  by  the  transmission  of  a  perceptible  amount  of 
heat,  is  the  most  significant  characteristic  of  igneous  activity  in  all  its  stages. 
Chemical  examination  of  igneous  rocks  proves  that  they  invariably  contain 
volcanic  gases  and  that  the  gases  are  expelled  by  heat.  The  gaseous  mixtures 
bear  a  general  family  likeness,  differing,  however,  in  the  proportions  of  their 
constituents.  In  the  rocks  themselves  water  is  probably  always  present  in 
greatest  amount  and  carbon  dioxide  next  in  order,  but  the  volcanic  gases  as 
collected  in  nature  may  be  modified  in  composition  by  a  number  of  secondary 
influences.  A  hot  magma  or  batholith  doubtless  always  gives  off  volcanic 
gases  where  fissures  permit  their  escape.  This  is  believed  to  be  the  meaning 
of  the  commonly  observed  association  of  hot  springs  with  faults.     If  the 
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gases  collected  in  the  Lassen  Park  escaped  from  a  cooling  magma  they  must 
have  been  accompanied  by  a  much  larger  volume  of  steam.  Assuming  that 
this  occurs,  surface  conditions,  particularly  the  amount  of  ground  water  in 
different  places,  will  determine  whether  the  steam  escapes  at  the  surface  of 
the  ground  in  the  form  of  a  fumarole  or  whether  it  is  condensed  more  or 
less  completely  by  the  cold  water  and  issues  as  a  hot  spring.  Fumaroles  are 
very  common  in  the  Lassen  Park  and  at  least  one  is  known  from  which  issues 
steam,  much  above  the  boiling  temperature.  The  assumption  not  only 
explains  the  association  of  springs  and  fumaroles,  it  also  accounts  for  the  wide 
variation  of  temperature  in  different  springs  and  for  the  more  intense  boiling 
observed  in  spouting  springs.  The  same  assumption  affords  also  the  most 
satisfactory  explanation  of  the  transmission  of  heat,  namely  the  change  in 
state  of  the  superheated  steam,  and  obviates  the  difficulty  involved  in  the 
poor  heat  conductivity  of  rock.  Some  surface  water,  however,  probably 
penetrates  the  cracks  through  which  the  steam  ascends  and  taking  up  heat 
either  from  steam  or  hot  rock  or  both  transmits  it  in  a  similar  way  to  the 
ground  above. 

Other  sources  of  heat,  namely  radioactivity  and  chemical  processes,  were 
considered,  but  neither  of  them  was  found  adequate  to  explain  the  phenomena. 

The  composition  of  the  spring  waters  was  very  satisfactorily  explained 
as  a  consequence  of  rock  decomposition.  There  are  two  classes  of  springs 
in  the  district,  the  acid  and  the  alkaline  springs.  The  acid  waters  contain 
sulphates  and  acid  sulphates  of  the  metals  found  in  the  lavas,  with  the  excep- 
tion of  aluminum  which  is  generally  very  low.  The  muds  or  sediments 
consisting  of  opal,  kaolin,  alunite,  and  more  or  less  altered  fragments  of  lava 
represent  the  partially  changed  rock  and  the  insoluble  products  of  chemical 
action.  The  whole  system  is  explained  as  the  result  of  rock  decomposition 
by  sulphuric  acid  which  is  assumed  to  be  an  oxidation  product  of  hydrogen 
sulphide,  a  constituent  of  the  gases.  The  kaolin  appeared  to  be  an  inter- 
mediate product.  In  the  drier  ground,  where  the  acid  doubtless  reaches  its 
highest  concentration,  the  salts,  unlike  those  in  most  of  the  springs,  are  high 
in  aluminum  and  kaolin  gives  place  to  silica.  Hot  acid  waters  are  an  anomaly 
in  the  sense  that  free  acid  can  not  be  in  equilibrium  with  an  igneous  rock. 
Its  presence  implies  that  the  acid  is  supplied  faster  than  it  reacts  with  the 
rock  and  since  the  acid  is  supposed  to  be  formed  by  oxidation  comparatively 
near  the  surface,  it  leads  to  the  conclusion  that  if  the  hot  water  descended  to 
any  great  depth,  or  through  any  other  condition  remained  long  in  contact 
with  the  rock,  the  acid  would  disappear.  The  acid  hot  springs  are  the  logical 
successors  of  acid  fumaroles  which  are  not  uncommon  in  nature.  The  alka- 
line waters  are  regarded  as  the  result  of  more  complete  action  of  the  acid 
waters  on  the  rock.  The  acid  has  been  entirely  used  up  and  the  further  action 
of  hot  water  and  carbonic  acid  has  led  to  a  second  stage  of  rock  decomposition 
in  which  soluble  carbonates  pass  into  solution.  The  conditions  which  favor 
this  later  stage  are  readily  understood;  they  are:  longer  contact  between  acid 
and  rock,  a  larger  surface  of  rock  exposed  for  the  same  time  to  a  given  amount 
of  acid,  variations  in  the  composition  of  the  rock  or  varying  temperatures. 
The  condition  regarded  as  the  critical  one  in  these  particular  springs,  how- 
ever, is  an  originally  low  concentration  of  acid.  The  concentration  of  the 
radical  S04  was  always  very  low  in  the  alkaline  waters.  The  volatile  con- 
stituents of  all  the  waters  and  the  constituents  formerly  volatile  are  chiefly 
magmatic  in  origin,  while  the  metals  (except  ammonium)  and  the  silica  are 
derived  from  the  rock  comparatively  near  the  surface.  The  alkaline  springs 
of  the  most  famous  localities  have  been  considered  by  the  investigators  most 
familiar  with  them  as  belonging  to  a  different  period  of  time  from  the  acid 
springs  which  occur  with  therm     The  alkaline  springs  of  the  Lassen  Park  are 
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regarded  by  the  authors  rather  as  the  product  of  similar  chemical  processes 
to  those  which  produce  the  acid  springs,  processes  carried  to  a  subsequent 
stage  by  locally  different  conditions,  or  possibly  to  a  product  of  some- 
what different  processes  in  progress  at  the  same  time.  There  is  nothing 
to  indicate  that  the  alkaline  springs  in  this  locality  were  formerly  acid  or 
vice  versa,  though  there  are  some  reasons  for  concluding  that  in  the  course 
of  time  the  springs  now  acid  may  become  alkaline. 

Cases  of  local  decline  as  well  as  rejuvenation  in  thermal  activity  occur 
in  the  hot  spring  areas  of  Lassen  Park  as  they  do  elsewhere.  It  appears 
quite  certain  that  these  phenomena  are  the  result  of  changes  in  the  super- 
ficial portions  of  the  ground,  that  they  are  due  to  the  diversion  of  ground 
water  to  new  outlets  by  the  slumping  in  of  earth  which  has  been  undermined, 
and  to  the  escape  of  steam  at  points  where  obstructions  have  been  gradually 
disintegrated  and  washed  away,  rather  than  to  any  appreciable  waxing  or 
waning  in  underground  temperatures  or  in  the  volume  of  steam  or  other  gases. 

(559)  The  space  group  of  diopside  [CaMg(SiO»)»].     Ralph  W.  G.  Wyckoff  and  Herbert  E. 

Merwin.     Am.  J.  Sci.,  9,  379-394.     1925. 

On  the  basis  of  X-ray  spectrum  and  Laue  photographic  data  it  is  shown 
that  the  unit  cell  of  diopside,  CaMg(Si03)2,  contains  four  chemical  molecules 
and  has  the  following  dimensions: 

X=-c0  =  5.24A°;   Y  =  a0  =  9.71A°;   Z  =  b0  =  8.89A°;  0  =  74°  10'. 

The  characteristic  diffraction  effects  are  stated  for  both  the  general  and 
the  special  cases  of  each  of  the  monoclinic  space  groups.  Using  this  informa- 
tion the  X-ray  data  show  that  the  corresponding  space  group  of  diopside 
must  be  2Ci-6. 

(559a)  Die  Raumgruppen  von  Diopsid.     [CaMg(Si03)2].     Ralph  W.  G.  Wyckoff  und 
Herbert  E.  Merwin.     Z.  Krist.     1925. 

A  slightly  shorter  presentation  of  the  subject-matter  of  No.  559. 

(560)  The  composition  of  the  Earth's  interior.     L.  H.  Adams  and  E.  D.  Williamson. 

Smithsonian  Report  for  1923,  pp.  241-260.     Published  1925. 

This  is  a  rearrangement  of  a  paper  which  appeared  under  the  title  Density 
Distribution  in  the  Earth  by  E.  D.  Williamson  and  L.  H.  Adams  (No.  513, 
Annual  Report,  1923).  There  are  also  minor  additions,  such  as  the  graph 
of  rigidity  and  bulk  modulus  at  various  depths  within  the  Earth. 

(561)  The  chemical  composition  of  the  Earth.     Henry  S.  Washington.     Am.  J.  Sci.,  9, 

351-378.     1925. 

A  brief  statement  is  made  of  what  is  now  accepted  by  the  writer  and  others 
(see  Nos.  513,  540,  546,  549)  as  the  general  constitution  of  the  solid  Earth, 
namely:  a  central  core  of  nickel-iron,  which  passes  gradually  into  a  sponge 
of  iron  containing  sporadic  silicates,  chiefly  of  iron  and  magnesium.  Out- 
wardly this  passes  into  a  shell  in  which  the  metallic  iron  is  sporadic  in  a  con- 
tinuum of  silicate,  above  which  is  a  shell  of  solid  periodotitic  rock,  free  from 
metallic  iron,  with  a  thin  outermost  crust  of  basaltic  and  uppermost  granitic 
rocks.  The  thickness  of  these  various  shells  has  been  estimated  with  some 
accuracy  or  probability  by  means  of  seismographic  and  other  data,  and  their 
composition  has  been  assumed  from  analogy  with  meteorites.  Using  such 
data,  the  composition  of  the  Earth  as  a  whole  has  been  calculated.  It  is 
found  that  iron  makes  up  about  40  per  cent,  followed  by  oxygen,  silicon, 
and  magnesium,  these  four  elements  constituting  about  92  per  cent  of  the 
whole  Earth,  while  only  12  or  14  elements  make  up  99.8  per  cent  of  the  Earth. 
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It  is  shown  that  there  was  not  enough  silicon  or  oxygen  to  have  silicatized 
all  the  iron  present,  nor  enough  hydrogen,  carbon,  or  other  reducing  agent 
to  have  reduced  such  suppositious  iron  silicate  to  metal,  so  that  iron  must 
have  been  present  in  large  excess  in  the  original,  supposedly  nebular,  mass 
that  formed  the  Earth.  The  great  analogy  between  the  Earth  as  a  whole 
and  the  atmosphere  of  the  Sun,  as  regards  both  general  chemical  composition 
and  arrangement  from  below  to  the  surface,  is  pointed  out. 

(562)  Earth  movements  accompanying  the  Katmai  eruption.     Clarence  N.  Fenner.     J. 

Geol.,  33,  116-139,  193-223.     1925. 

At  the  time  of  the  eruption  of  Mount  Katmai  earthquake  shocks  were  felt 
in  adjacent  regions  and  even  at  points  two  or  three  hundred  miles  distant. 
The  first  supposition  would  be  that  these  were  volcanic  shocks  such  as  often 
accompany  eruptions,  but  a  scrutiny  of  their  characteristics  throws  doubt 
upon  this  interpretation.  Volcanic  shocks  diminish  rapidly  in  intensity 
as  the  distance  from  the  focus  increases.  In  the  case  of  Katmai,  disturb- 
ances of  the  severity  reported  at  distant  points  would  imply  very  great 
intensity  near  the  focus,  but  examination  of  the  region  has  revealed  numerous 
examples  of  loosely  hanging  rocks  in  cliffs  and  similar  situations,  which 
should  have  been  thrown  down  by  strong  shocks,  but  which  survived  the 
disturbances.  A  tectonic  origin  is  therefore  indicated.  The  records  of 
seismological  observatories  throughout  the  northern  hemisphere  confirm 
this,  and  show  that  true  tectonic  movements,  emanating  from  this  region,  were 
noted  simultaneously  with  the  eruption.  Such  a  coincidence  of  tectonic 
movements  with  a  great  eruption  is  very  unusual. 

Inquiry  is  made  as  to  the  nature  of  the  disturbances  accompanying  the 
extrusion  of  the  great  sand-flow  in  the  Valley  of  Ten  Thousand  Smokes. 
The  fissures  and  faults  of  the  Valley  are  described,  evidences  of  explosive 
ejection  of  material  from  their  orifices  are  given,  and  the  significance  of  their 
restriction  to  certain  areas  is  pointed  out.  The  structure  of  "the  high  sand 
mark"  is  described  as  tending  to  show  that  the  floor  of  the  Valley  was  up- 
lifted during  the  outburst  and  later  collapsed.  All  the  phenomena  seem 
to  point  to  the  injection  of  a  sill-like  body  of  magma  beneath  the  Valley. 
Difficulties  in  the  way  of  alternative  explanations,  such  as  the  intrusion  of  a 
batholith,  are  discussed. 

(563)  A  micro-furnace  for  high  magnification.    H.  S.  Roberts  and  Taisia  Stadnichenko. 

J.  Opt.  Soc.  Amer.,  etc.,  10,  605-608.     1925. 

This  furnace  was  made  for  use  on  the  stage  of  a  microscope,  under  an 
objective  of  16  mm.  focal  length.  Temperatures  up  to  800°  C.  may  be 
attained  and  measured  with  an  accuracy  of  ±1°.  Means  are  provided  for 
passing  a  current  of  inert  gas  through  the  furnace  to  prevent  oxidation  of  the 
charge.  It  is  intended  to  be  operated  by  alternating  current  derived  from 
a  step-down  transformer  and  requires  a  maximum  current  of  about  40  am- 
peres at  about  3  volts. 

(564)  The  analysis  of  gases  obtained  from  volcanoes  and  from  rocks.    E.  S.  Shepherd. 

J.  Geol.,  33,  289-370.     1925. 

The  chief  volatile  constituents  of  igneous  rocks  are  briefly  discussed. 
Methods  for  collecting  and  analyzing  the  volcano  gases  and  for  gases  ob- 
tained by  heating  rocks  in  vacuo  are  given  detailed  description.  The  vola- 
tiles  considered  are  H20,  C02,  CO,  H2,  CH4,  etc.,  N2,  A,  etc.,  S03,  S02, 
S2,  Cl2,  F2,  H2SiF6,  and  SiF4.  Sublimates  of  the  heavy  metals  are  mentioned 
but  not  treated.  The  importance  of  chlorine  and  fluorine  is  stressed  and  the 
general  significance  of  rock  distillates,  that  is,  the  volatiles  set  free  by  a  magma 
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coming  into  a  region  of  lower  pressure  or  the  distillation  of  igneous  or  sedi- 
mentary rocks  reheated  by  an  invading  magma  is  considered  briefly. 
_  The  apparatus  necessary  for  the  study  of  these  volatiles,  detailed  descrip- 
tion of  analytical  methods,  and  the  unavoidable  limits  of  error  are  described. 
The  methods  and  apparatus  are  found  to  be  sufficiently  accurate  for  the 
present  state  of  the  investigation,  but  desirable  future  refinements  are  indi- 
cated. 

A  typical  analysis  of  a  lava  is  cited  and  the  importance  of  a  more  sys- 
tematic collection  and  study  both  of  the  invading  magma  and  the  rock  in- 
vaded is  noted.  With  lavas  as  with  the  gases  collected  at  the  crater,  water 
is  found  to  constitute  about  90  per  cent  by  volume  of  the  total  residual 
volatiles. 

The  paper  is  preliminary  to  the  publication  of  the  mass  of  data  now  avail- 
able. 

(565)  Annual  Report  for  this  year. 

(566)  The  crystal  structure  of  the  high  temperature  form  of  cristobalite  (Si02).    Ralph 

W.  G.  Wyckoff.     Am.  J.  Sci.,  9,  448-459.     1925. 

The  unit  cube  of  high-cristobalite  contains  eight  molecules  of  Si02  in  the 
atomic  positions  (8f,  16b).  The  length  of  the  edge  of  the  unit  cube  at  290°  C. 
is  7.12A°,  the  density  of  the  crystal  at  this  temperature  is  2.20.  The  absence 
of  discernible  molecules  in  this  form  of  crystalline  silica  is  pointed  out  and 
it  is  shown  that  oxygen  has  a  distinctly  lower  scattering  power  per  electron 
than  silicon. 

(566a)  Die  Kristallstruktur  von  /3-Cristobalit  Si02  (bei  hohen  Temperaturen) .     Ralph 
W.  G.  Wyckoff.     Z.  Krist.     1925. 

Translation  of  No.  566. 

(567)  A  black  body  for  optical  pyrometer  calibration.    Howard  S.  Roberts.    J.  Opt.  Soc. 

Amer.,  etc.,  10,  723-724.     1925. 

This  black  body  is  used  for  the  calibration  of  optical  pyrometers  at  the 
melting  points  of  standard  metals.  It  consists  of  a  vertical  cylindrical 
chamber  of  graphite  or  porcelain  having  an  opening  at  either  end.  The  py- 
rometer is  sighted  downward  through  the  upper  opening  on  the  surface  of  a 
thin  disc  of  the  standard  metal  placed  across  the  chamber.  The  chief  advan- 
tages of  this  method  are  its  convenience  and  the  use  of  only  a  few  milligrams 
of  the  standard  metal.  Its  precision  may  be  made  nearly  equal  to  that  of 
the  method  employing  a  black  body  immersed  in  a  large  quantity  of  the 
standard  metal. 

(568)  On  the  X-ray  diffraction  effects  from  solid  fatty  acids.     Ralph  W.  G.  Wyckoff, 

Franklin  L.  Hunt,  and  Herbert  E.  Merwin.     Science,  61,  613-614.     1925. 

Powder  reflections,  as  well  as  single  face  reflections  of  large  spacing,  have 
been  obtained  from  palmitic  and  other  fatty  acids.  Single  specimens  with 
all  the  optical  properties  of  a  crystal  and  giving  the  same  large  spacing  X-ray 
reflections  as  solidified  films  on  glass  have  been  grown  from  solution  of  palm- 
itic acid  in  acetone.  This  acid,  at  least,  therefore  appears  to  be  truly  crystal- 
line under  these  conditions  and  not  in  a  "smectic"  or  other  sub-crystalline 
state.  Since  the  X-ray  data  from  this  acid  are  strictly  analogous  to  those 
from  other  typical  "smectic"  substances,  it  seems  necessary  further  to  con- 
clude that  no  definite  X-ray  evidence  yet  exists  for  this  "smectic"  state. 

The  symmetry  of  palmitic  acid  is  either  monoclinic  or  triclinic  and  the  long 
carbon  chains  are  not  normal  to  the  face  producing  the  large  spacing  reflec- 
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tions.     Such  spacings  are  therefore  not  direct  measures  of  the  lengths  of  these 
chains. 

By  growing  single  plates  of  the  acid  from  solution,  more  intense  reflections 
from  the  long  spacings  have  been  obtained  than  from  films  made  by  solidi- 
fying the  acid  on  glass  or  mica.  Such  single  crystals  may  prove  especially 
useful  as  gratings  in  long  wave-length  X-ray  spectrography. 

(568a)  liber  die  Rontgeninterferenzen  an  festen  Fettsauren.  Ralph  W.  G.  Wyckoff, 
Franklin  L.  Hunt,  und  Herbert  E.  Merwin.    Z.  Krist.     1925. 

Translation  of  No.  568. 

(569)  What  the  Earth  is  made  of.     Henry  S.  Washington.     Scientific  American,  133, 

No.  1  (July),  10-11.     1925. 

A  brief,  popular  article  on  the  composition  of  the  Earth. 

(570)  The  mineralogical  phase  rule.     N.  L.  Bowen.      J.  Wash.  Acad.  Sci.,  15,  280-284. 

1925. 

A  "mineralogical  phase  rule"  was  enunciated  in  1911  by  V.  M.  Gold- 
schmidt  as  follows:  "The  maximum  number  of  solid  minerals  that  can 
co-exist  in  stable  equilibrium  is  equal  to  the  number  of  individual  com- 
ponents that  are  contained  in  the  minerals  if  the  singular  temperatures  of 
transition  points  are  excluded."  This  principle  has  proved  a  very  useful 
guide  in  the  study  of  metamorphic  rocks. 

Some  investigators,  however,  have  made  certain  simplifying  assumptions 
as  to  the  number  of  components  and  these  must  be  applied  with  caution. 
A  principal  assumption  is  that  when  two  or  more  components  enter  into  a 
series  of  solid  solutions  they  may  be  regarded  as  a  single  component.  While 
frequently  justified  as  a  convenience,  there  are  occasions  when  this  assump- 
tion may  lead  to  the  conclusion  that  too  many  phases  are  present  for  equi- 
librium in  a  given  rock  and  therefore  that  equilibrium  has  not  been  attained 
in  that  rock.  In  any  such  case  the  course  of  reasoning  should  always  be 
checked  to  ascertain  whether  the  apparent  discrepancy  is  not  due  to  the 
inadequacy  of  the  simplifying  assumption. 

(572)  Some  causes  of  volcanic  activity.  Arthur  L.  Day.  (Address  delivered  on 
September  18,  1924,  on  the  occasion  of  the  celebration  of  the  Centenary  of 
the  founding  of  the  Franklin  Institute.)  Journal  of  the  Franklin  Institute 
200,  161-182.     1925. 

The  address  presents  a  number  of  reasons  for  believing  that  many  phases 
of  volcanic  activity  observed  at  Lassen  Peak  and  at  Kilauea  can  be  explained 
by  the  fact  that  the  liquid  magma  can,  and  in  many  cases  has  been  shown  to, 
carry  in  solution  a  large  percentage  of  dissolved  water.  On  the  other  hand 
after  crystallization  to  rock  only  about  1  per  cent  of  the  water  remains  in 
the  rock,  the  balance  must  be  discharged  during  the  process  of  crystalliza- 
tion. If  the  rate  of  crystallization  is  considerable  and  the  quantity  of  par- 
ticipating magma  is  large,  enormous  pressures  must  be  built  up  within 
the  volcano  through  this  means,  which  may  find  release  at  the  point  of 
greatest  weakness.  The  continuation  of  the  eruption  will  probably  depend 
upon  the  rate  of  crystallization  and  the  mechanical  conditions  which  control 
the  access  of  the  discharged  steam  to  the  crater  openings.  Similar  reasoning 
will  yield  an  indication  of  the  frequency  of  eruption  or  the  length  of  the 
volcanic  cycle. 
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J.  Franklin  Jameson,  Director. 

The  following  report,  the  twentieth  annual  report  submitted  by  the  present 
Director  of  the  Department,  is  intended  to  record  its  operations  during  the 
year  beginning  July  1,  1924,  and  ending  June  30,  1925. 

During  these  twelve  months  no  changes  have  occurred  in  the  composition 
of  the  Department  so  far  as  regular  members  of  the  staff  are  concerned. 
Professor  Samuel  F.  Bemis,  of  Whitman  College,  Walla  Walla,  who  had  been 
temporarily  attached  to  the  staff  as  Fellow  of  the  Carnegie  Institution  of 
Washington  for  the  period  of  one  year  from  September  1,  1923,  continued 
during  July  and  part  of  August  1924  the  researches  in  Madrid  with  which  he 
had  been  occupied  since  his  arrival  there  at  the  end  of  May.  These  were 
researches  into  the  history  of  the  earlier  diplomatic  relations  between  the 
United  States  and  Spain,  chiefly  in  the  period  before  1800,  and  were  prosecuted 
in  the  Archivo  Historico  Nacional  and  in  the  archives  of  the  Ministry  of 
Foreign  Affairs.  In  August  Dr.  Bemis  returned  to  America,  and  at  the  end 
of  that  month  his  connection  with  the  Department,  which  had  been  a  source 
of  great  pleasure  and  profit  to  it,  especially  while  he  was  in  Washington  and 
in  almost  daily  association  with  its  activities,  came  to  a  termination;  he  then 
became  professor  of  American  history  in  the  George  Washington  University. 

During  several  months  of  the  year  reported  upon,  the  working  force  of  the 
Department  has  been  signally  augmented  by  the  temporary  addition  to  the 
staff  of  Mr.  David  W.  Parker,  who  had  already  been  a  member  of  it  through- 
out the  years  1909,  1910,  and  1911,  and  had  prepared  two  of  the  Depart- 
ment's books,  its  Calendar  of  Papers  in  Washington  Archives  relating  to  the 
Territories  (1911)  and  its  Guide  to  the  Materials  for  United  States  History  in 
Canadian  Archives  (1913);  afterwards  he  was  for  twelve  years  in  charge  of 
the  Manuscript  Division  of  the  Public  Archives  of  Canada.  In  September 
1924,  Mr.  Parker,  then  in  England,  embarked  at  Dover  for  Trinidad,  to 
carry  out  on  behalf  of  the  Department  a  systematic  examination  of  the  ar- 
chives of  such  of  the  Lesser  Antilles  as  belong  to  Great  Britain,  with  a  view 
to  the  preparation  of  a  report  on  the  materials  they  contain  for  American 
history,  the  last  remaining  uncompleted  portion  of  a  volume  the  elements 
of  which  the  Department  has  long  been  assembling.  From  September  to 
January  he  was  occupied  in  the  interesting  work  of  examining  such  historic 
papers  as  remain  in  the  archives  of  Trinidad,  Grenada,  St.  Vincent,  St. 
Lucia,  Barbados,  Dominica,  Antigua,  Nevis,  St.  Kitts,  and  Montserrat. 
At  the  instance  of  the  British  ambassador,  Sir  Esme  Howard,  whose  kind- 
ness is  gratefully  acknowledged,  the  Colonial  Office  sent  out  from  London 
such  instructions  as  insured  for  Mr.  Parker  everywhere  a  favorable  reception, 
and  the  officials  in  the  islands  aided  his  investigations  with  a  courtesy  and 
helpfulness  which  it  is  a  great  pleasure  to  record.  From  the  middle  of  February 
to  the  middle  of  July  Mr.  Parker  was  in  Washington,  assisting  the  work  of 
the  Department  in  ways  described  below. 

Of  the  regular  members  of  the  staff,  Mr.  Leland,  by  arrangement,  devoted 
all  of  the  second  half  of  the  year  1924,  and  nearly  all  of  the  first  half  of  1925, 
to  the  work  of  the  American  Council  of  Learned  Societies,  perfecting  its 

1  Address  No.  1140  Woodward  Building,  Washington,  D.  C. 
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organization,  in  the  capacity  of  executive  secretary,  and  carrying  through 
their  initial  stages  its  various  activities,  in  both  the  national  and  the  inter- 
national fields.  The  time  given  to  the  work  of  the  Carnegie  Institution 
was  devoted  to  advancing  the  preparation  of  the  projected  Guide  to  Materials 
for  American  History  in  the  Archives  and  Libraries  of  Paris.  Miss  Davenport 
sailed  for  London  early  in  June,  there  to  pursue  further  studies  for  her  second 
volume  of  treaties.  In  the  preceding  summer  her  work  was  mostly  done  in 
the  library  of  Harvard  University.  During  the  month  of  July  1924,  the 
Director  worked  in  North  Edgecomb,  Maine,  otherwise  in  Washington. 

Outside  the  regular  staff  of  the  Department,  several  historical  scholars 
gave  large  amounts  of  assistance  to  its  work.  Mrs.  Ralph  C.  H.  Catterall, 
now  of  Richmond,  Virginia,  continued  throughout  the  year  the  prosecution 
of  her  part  of  its  program.  Professor  John  S.  Bassett,  of  Smith  College, 
brought  to  a  conclusion  his  editorial  work  upon  the  Correspondence  of  Andrew 
Jackson.  Mr.  David  M.  Matteson,  of  Cambridge,  read  proof  of  his  book 
mentioned  last  year  as  finished.  Professor  Marcus  W.  Jernegan,  of  the 
University  of  Chicago,  gave  aid  along  the  same  lines  as  in  the  preceding  year, 
enriching  the  Atlas  of  the  Historical  Geography  of  the  United  States  with  the 
fruits  of  his  remarkable  knowledge  of  religious  history.  Others  outside  of  our 
regular  staff  who  assisted  in  the  work  of  the  Department  during  the  year 
were  Professor  Charles  W.  Hackett,  of  the  University  of  Texas,  who  has  con- 
tinued his  editorial  work  upon  the  Bandelier  transcripts,  Professor  Waldemar 
Westergaard,  of  Pomona  College  (now  of  the  University  of  California, 
Southern  Branch),  Miss  Mabel  Webber,  secretary  and  librarian  of  the  South 
Carolina  Historical  Society,  Mr.  Otis  G.  Hammond,  superintendent  of  the 
New  Hampshire  Historical  Society,  Mr.  Abel  Doysie,  of  Paris,  Miss  Ruth  A. 
Fisher,  of  London,  and  Miss  Irene  A.  Wright,  of  Seville. 

Acknowledgment  is  cordially  made  of  the  favors  constantly  shown  to  the 
Department,  with  the  greatest  liberality,  as  in  all  previous  years,  by  the 
officials  of  the  Library  of  Congress,  and  especially  by  Dr.  Herbert  Putnam, 
librarian;  by  Mr.  A.  P.  C.  Griffin,  chief  assistant  librarian;  by  Dr.  Charles 
Moore,  chief  of  the  Division  of  Manuscripts,  and  Mr.  John  C.  Fitzpatrick, 
of  that  division;  and  by  Lieut.-Col.  Lawrence  Martin,  chief  of  the  Map 
Division.  Grateful  recognition  is  also  made  of  the  courtesies  shown  by  the 
library  of  Harvard  University  in  facilitating  the  work  of  Miss  Davenport; 
by  the  Virginia  State  Library  and  that  of  the  Circuit  Court  of  Appeals  in 
Richmond  in  affording  to  Mrs.  Catterall  special  opportunities  for  her  work; 
and  by  the  authorities  of  the  British  Museum,  the  Public  Record  Office  in 
London,  and  the  libraries  and  archives  of  Paris. 

Nearly  all  the  operations  of  the  Department  belong  to  one  or  the  other 
of  two  varieties,  those  which  consist  in  the  discovery  and  listing  of  materials 
for  American  history  or  in  the  provision  of  aids  to  their  use,  and  those  which 
consist  in  the  full  presentation  in  print  of  selected  portions  of  those  materials. 
Accordingly  its  publications  fall  into  two  classes,  the  one  consisting  of  reports 
on  original  materials  and  aids  and  guides  to  their  use,  the  other  consisting  of 
texts  of  documents  printed  in  extenso  with  careful  and  scholarly  editing.  In 
both  fields,  the  enterprises  undertaken  have  been  resolved  upon  with  a  view 
to  meeting  the  needs  and  interests  of  as  many  historians  and  monograph- 
writers  as  possible,  and  performing  for  them  as  many  as  possible  of  those 
expensive  but  primary  operations  upon  the  raw  material  which  form  so 
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burdensome  or  deterrent  a  handicap  to  the  work  of  the  historical  writer. 
The  principles  on  which  the  Department  is  conducted  have  been  set  forth 
in  a  lecture  before  the  Trustees  delivered  in  December  1912,  and  printed  in 
the  History  Teacher's  Magazine  for  February  1913,  under  the  title,  The 
Future  Uses  of  History. 

In  the  choice  of  fields  of  work,  it  has  been  natural  to  leave  state  and  local 
history  to  state  and  local  historical  societies  or  to  the  official  commissions 
or  historical  offices  which  most  of  the  states  have  established  for  the  conduct 
of  their  historical  work.  Undertakings  having  a  bearing  on  national  history, 
or  a  scope  comprising  all  states  or  parts  of  the  Union,  have  naturally  been 
preferred.  The  United  States  government,  alone  among  the  more  important 
governments  of  the  world,  has  created  no  organization  for  the  general  con- 
duct of  its  historical  work.  Therefore  some  of  the  interests  which  such 
organizations  commonly  subserve  fall  naturally  to  the  care  of  an  historical 
department  established  in  Washington  by  the  Carnegie  Institution.  Most 
of  the  tasks  which  the  Department  has  undertaken  would  in  a  European 
country  be  carried  out  by  the  governmental  historical  commission.  It  is 
gratifying  to  observe  that  our  lines  and  methods  of  operation,  as  well  as  our 
enterprises,  resemble  closely  those  which  are  followed  by  analogous  organ- 
izations in  foreign  countries. 

At  the  same  time,  it  is  worthy  of  note,  our  Department  enjoys  consid- 
erable advantages  in  its  freedom  from  governmental  control  or  influence. 
For  instance,  if  our  Atlas  of  the  Historical  Geography  of  the  United  States 
were  to  be  put  forth  by  a  governmental  commission  it  could  hardly  do  other- 
wise than  to  uphold,  in  such  matters  as  the  representation  of  boundary  dis- 
putes, whatever  positions  the  United  States  has  officially  taken.  The  im- 
portant publications  which  the  Department  has  devised  for  illustrating  the 
history  of  negro  slavery  in  the  United  States  could  almost  certainly  not  have 
been  undertaken,  in  this  generation,  by  an  historical  organization  instituted 
and  maintained  by  the  United  States  government.  Our  department,  on  the 
other  hand,  is  able,  within  the  limits  of  its  budget,  to  function  without  other 
control  than  that  of  a  constant  regard  for  the  interests  and  opinions  of  the 
historical  profession. 

In  accordance  with  the  custom  of  previous  years,  and  with  the  categories 
outlined  above,  the  work  of  the  year  will  be  described  under  the  three  head- 
ings: (1)  Reports,  Aids,  and  Guides;  (2)  Textual  Publications  of  Documents; 
and  (3)  Miscellaneous  Operations. 

REPORTS,  AIDS,  AND  GUIDES. 

One  volume  falling  within  this  division  was  published  by  the  Institution 
during  the  year,  a  List  of  Manuscripts  concerning  American  History  preserved 
in  European  Libraries  andnotedintheir  Published  Catalogues  and  Similar  Printed 
Lists,  prepared  by  Mr.  David  M.  Matteson.  This  is  a  volume  of  viii+203 
pages,  issued  in  April.  Manuscripts  concerning  American  history  have  come 
into  European  libraries  in  various  ways — by  gift  of  family  papers,  by  pur- 
chase, by  bequest  from  collectors  of  autographs — but  as  a  rule  somewhat 
casually,  and  by  ones  and  twos.  In  view  of  such  provenance,  their  presence 
in  the  repositories  where  they  lie  hidden  is  seldom  suspected  by  the  investi- 
gator in  America.  They  call  with  peculiar  force  for  an  inventory.  One  which 
should  embrace  all  European  libraries,  and  which  should  be  made  on  a  uniform 
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system,  with  descriptions  written  by  an  expert  cataloguer  on  the  basis  of 
personal  inspection  of  each  item,  would  be  a  great  boon.  So  ambitious 
a  scheme  is  impracticable — except  in  so  far  as,  in  other  books,  we  have  carried 
it  out  in  the  cases  of  London,  Oxford,  Cambridge,  Paris,  and  Rome.  It 
was,  however,  practicable,  without  prohibitory  expense,  wherever  European 
libraries  were  furnished  with  printed  catalogues  or  printed  lists  of  their 
manuscripts,  to  draw  off  from  these  their  American  items.  This  Mr.  Matte- 
son  has  done,  in  a  volume  listing  treasures  of  some  192  libraries,  in  21  Euro- 
pean countries.  The  result  is  to  make  known  to  students  of  American 
history  some  2,000  manuscripts  relating  to  that  history — narratives,  journals, 
diaries,  letters,  documents,  atlases,  portolani — of  which  it  is  safe  to  say  that 
exceedingly  few  had  been  known  to  them  before. 

At  the  end  of  April  the  manuscript  of  another  Guide  was  sent  to  the 
Division  of  Publications,  and,  before  the  end  of  the  year  reported  upon, 
the  Department  began  to  receive  galley-proofs  of  a  volume  entitled  Guide  to 
British  West  Indian  Archive  Materials,  in  London  and  in  the  Islands,  for  the 
History  of  the  United  States.  This  volume,  embracing  both  the  archives 
of  the  British  West  Indian  islands  (together  with  those  of  Bermuda  and  the 
Bahamas)  and  the  West  Indian  sections  or  "classes"  of  the  Colonial  Office 
Papers  in  the  Public  Record  Office  in  London,  has  been  long  in  preparation, 
delayed  by  war  conditions  and  other  difficulties.  As  far  back  as  1916  a 
beginning  was  made,  and  a  first  element  in  the  projected  volume  was  pre- 
pared, when  Mr.  Luis  M.  Perez,  now  commercial  attache"  to  the  Cuban 
embassy  in  Washington,  but  at  that  time  librarian  of  the  Cuban  House  of 
Representatives  (and  author  of  our  Guide  to  the  Cuban  Archives),  went  to 
Jamaica  and  after  careful  searches  composed  an  inventory  of  the  various 
series  of  public  records  of  that  colony.  Even  before  this,  Mr.  James  M. 
Wright,  who  in  1903  had  accompanied  the  expedition  sent  out  to  the  Bahama 
Islands  by  the  Geographical  Society  of  Baltimore  and  while  there  had  pre- 
pared an  account  of  the  archives  of  that  colony,  as  an  incident  to  the  prepara- 
tion of  his  published  history  of  it,  had  kindly  presented  that  account  after- 
wards to  this  Department  of  the  Carnegie  Institution.  Professor  Herbert  C. 
Bell,  of  Bowdoin  College,  with  the  Secretary  of  the  Department,  Miss  Cor- 
nelia M.  Pierce,  examined  the  archives  of  Bermuda  in  1920.  Mr.  Parker's 
examination  of  the  archives  of  the  Lesser  British  Antilles,  which  completed 
the  work  needing  to  be  done  in  the  island  repositories,  has  already  been 
spoken  of.  Meantime,  in  the  years  from  1919  to  1921  Professor  Bell  carried 
out  in  the  Public  Record  Office,  in  London,  the  examination  and  description 
of  those  West  Indian  portions  of  the  Colonial  Office  Papers  which  are  classified 
as  Original  Correspondence  and  Entry-Books,  down  to  the  year  1775,  after 
which  Miss  Lillian  M.  Penson,  now  lecturer  in  history  in  Birkbeck  College, 
London,  continued  this  work  from  1775  to  1815.  Other  parts  of  the  Colonial 
Office  series,  namely,  the  Sessional  Papers  and  the  printed  acts,  were  listed 
by  Miss  Edith  Moodie,  and  Mr.  J.  E.  Neale  took  the  needed  notes  from  the 
Shipping  Returns.  To  bring  into  uniformity,  and  prepare  for  publication, 
materials  collected  in  so  many  different  places  and  by  so  many  different 
persons,  was  a  work  of  some  difficulty.  Mr.  Parker,  on  his  return  to  Wash- 
ington in  February,  undertook  this  labor  and  carried  it  to  so  successful  a 
completion  that  the  volume,  it  is  hoped,  will  exhibit  a  sufficient  degree  of 
uniformity,  besides  serving  the  needs  of  those  who  are  interested  in  the 
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history  of  the  old  British  Empire  as  a  whole,  and  appreciate  the  importance 
of  taking  into  account,  in  its  pursuit,  the  history  of  the  British  West  Indies 
and  their  commercial  and  other  relations  with  the  Continental  colonies  and 
with  the  United  States.  The  printed  volume  will  comprise  about  450  pages. 
At  the  end  of  June  proofs  of  it  had  begun  to  come  from  the  printer. 

Since  it  had  proved  impracticable  for  Mr.  Van  Laer  to  work  up  into  a  final 
report  or  book  the  notes  he  took  for  the  Department  in  Dutch  archives  during 
the  expedition  he  made  for  it  in  the  spring  of  1919,  it  became  necessary  to 
resolve  that  the  preparation  of  this  Guide  to  the  Materials  for  American 
History  in  Dutch  Archives  should  somehow  be  completed  by  means  within 
the  staff  in  Washington.  Miss  Griffin,  who  has  the  necessary  knowledge  of 
the  Dutch  language,  kindly  undertook  the  task,  but  her  time  is  so  largely 
occupied  with  the  work  of  the  American  Historical  Review  that  progress  in 
this  Nebenfach  is  necessarily  slow.  Beginning  in  January,  she  had,  by  the  end 
of  the  year  to  which  this  report  relates,  completed  those  portions  of  the 
volume  which  deal  with  the  archives  of  the  royal  family  of  the  Netherlands, 
the  various  ecclesiastical  archives  in  the  kingdom,  the  municipal  archives  of 
Amsterdam,  Rotterdam,  and  the  Hague,  and  part  of  what  concerns  the 
papers  of  the  Dutch  West  India  Company. 

For  the  contemplated  Guide  to  the  Materials  for  American  History  in  Scan- 
dinavian Archives,  all  but  the  last  materials  had,  in  one  form  or  another, 
come  into  the  possession  of  the  Department  by  the  close  of  the  preceding  year. 
Its  resources  have  not  enabled  it  to  bring  those  materials  together  into  the 
form  of  a  completed  manuscript  within  the  year  just  passed.  The  chief  item 
of  progress  to  be  reported  is  that  Professor  Westergaard  has  brought  his 
notes  from  the  Danish  archives,  chiefly  relating  to  the  Danish  West  Indies, 
into  the  form  of  a  consecutive  text,  and  forwarded  this  to  Washington. 

Mr.  Parker's  time  during  the  last  two  months  of  the  year,  and  some  of 
that  of  Mr.  Leland,  was  devoted  to  the  revision  of  Mrs.  Surrey's  calendar  of 
documents  in  Paris  archives  and  libraries  relating  to  the  history  of  the  Missis- 
sippi Valley.  When  the  revision  has  been  completed  by  Mr.  Parker,  after 
his  return  from  Europe  in  the  autumn,  the  cards  will,  according  to  the  present 
plan,  be  copied  by  typewriter  and  reproduced  in  a  small  edition  by  the  piano- 
graph  or  mimeograph  process  rather  than  by  print.  In  print  they  would 
make  four  stout  volumes.  Important  as  the  work  is,  and  useful  as  it  will  be 
to  workers  in  the  early  history  of  the  Mississippi  Valley,  it  is  believed  that  a 
small  edition,  perhaps  100  copies,  in  libraries  and  in  individual  hands,  may 
satisfy  the  demand  for  a  catalogue  of  this  sort,  and  that,  if  this  is  so,  much 
of  the  expense  involved  in  so  much  printing  may  be  avoided. 

Dr.  Paullin  during  the  year  advanced  in  many  particulars  the  preparation 
of  his  Atlas  of  the  Historical  Geography  of  the  United  States.  He  completed  a 
series  of  14  maps,  based  on  those  published  by  the  United  States  Census,  illus- 
trating density  and  amount  of  population  at  the  several  census  dates  from 
1790  to  1920  inclusive;  a  series  of  maps  showing,  at  different  periods,  the 
boundaries  and  areas  of  states  and  territories,  with  their  principal  cities  and 
towns;  a  map  illustrating  speed  of  travel  and  communication  at  various 
periods;  a  map  showing  missions  to  the  Indians,  1567-1861;  and  maps  bring- 
ing down  to  date,  1918-1924,  the  series  of  maps,  described  in  a  previous 
report,  exhibiting  the  results  of  presidential  elections  and  the  geographical 
basis  of  votes  in  Congress  on  selected  measures.     He  has  worked  on  a  group  of 
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plans  of  the  chief  historic  cities  and  towns  of  the  United  States,  1775-1803. 
He  has  begun  the  revision,  from  a  text  originally  prepared  by  Dr.  James  A. 
Robertson,  of  the  letterpress  intended  to  accompany  the  series  of  reproduc- 
tions of  old  maps  selected  some  years  ago  by  Dr.  Robertson  to  exhibit  the 
development  of  the  cartography  of  North  America  and  the  progressive 
increase  of  geographical  knowledge  respecting  that  continent.  Dr.  Paullin 
also,  as  representing  the  Department,  expended  much  labor  and  thought  in 
preparing  its  section  of  the  Institution's  annual  exhibition  of  December  1924. 
An  important  contribution  to  the  Atlas,  in  the  section  showing  the  dis- 
tribution of  churches  at  the  time  of  the  beginning  of  the  American  Revolution, 
was  made  by  Professor  Marcus  W.  Jernegan,  of  the  University  of  Chicago, 
who,  on  the  basis  of  extensive  knowledge  and  learned  special  researches, 
supplied  trial  maps  exhibiting  religious  organizations  of  that  time,  with  a 
thoroughness  never  previously  approached. 

TEXTUAL  PUBLICATIONS  OF  DOCUMENTS. 

The  second  volume  of  Miss  Davenport's  European  Treaties  bearing  on  the 
History  of  the  United  States  has  been  advanced  by  the  virtual  completing  of 
work  upon  six  treaties,  or  such  portions  of  them  as  concern  America.  Of 
these  treaties,  dating  from  1701  to  1706,  two  were  asiento  treaties,  of  Spain 
with  France  and  Portugal  respectively;  two  were  treaties  of  alliance,  Anglo- 
Dutch-Austrian  and  Austrian-Prussian,  preliminary  to  the  War  of  the 
Spanish  Succession;  one  was  a  compact  between  England  and  the  Dey  of 
Algiers;  and  the  last  was  the  celebrated  Treaty  of  Union  between  England 
and  Scotland.  The  next  group  of  treaties,  all  dating  from  the  year  1713, 
with  which  this  second  volume  is  to  end,  are  closely  connected  with  each 
other  and  with  the  involved  negotiations  at  Utrecht.  Much  progress  has 
been  made  in  their  study,  but  this  can  hardly  be  completed  in  the  case  of 
any  one  of  them  until  all  have  been  investigated,  and  for  this  it  seemed 
necessary  to  repair  to  London,  where,  in  the  Public  Record  Office  and  the 
British  Museum,  there  are  copious  manuscript  materials  for  a  study  of  these 
negotiations  more  thorough  than  any  that  could  be  conducted  anywhere  in 
America.  Accordingly  Miss  Davenport  sailed  for  England  early  in  June, 
and  throughout  the  second  half  of  that  month  was  at  work  in  London. 

The  additional  materials  for  the  third  volume  of  Dr.  Burnett's  Letters  of 
Members  of  the  Continental  Congress  spoken  of  in  last  year's  report  proved  to 
be  extensive  enough  to  make  it  inexpedient  to  attempt  to  include  in  that 
volume,  as  was  then  planned,  the  whole  period  from  January  1,  1778,  to 
June  30,  1779.  It  will  embrace  only  the  letters  of  the  year  1778.  At  the 
end  of  the  year  reported  upon  the  annotating  of  these  letters  had  been  nearly 
finished,  and  a  few  days  later  the  manuscript  of  the  volume,  complete  except 
for  the  "front  matter,"  was  sent  to  the  Division  of  Publications. 

The  second  volume  of  Dr.  Stock's  Proceedings  and  Debates  of  the  British 
Parliaments  respecting  North  America  has  advanced  in  the  processes  of 
annotation  to  the  end  of  the  year  1700.  The  chief  American  matters 
considered  by  Parliament  in  the  portion  completed  during  this  last  year  are 
the  affairs  of  the  Darien  Company,  the  Royal  African  Company,  the  Hudson's 
Bay  Company,  and  Captain  Kidd. 

Miss  Donnan,  spending  the  summer  of  1924  in  England,  was  able  to  give 
to  her  work  for  the  Institution,  relating  to  the  African  slave  trade  and  the 
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importation  of  negroes  into  the  American  mainland  colonies,  only  a  few  weeks 
of  her  time.  These  were  effectively  spent  in  supplementary  gleanings  after 
the  harvest  of  material  obtained  by  her  expedition  of  1921.  After  the  ending 
of  the  academic  year  of  Wellesley  College,  at  the  end  of  the  twelvemonth 
now  reported  upon,  she  resumes  work  upon  her  slave-trade  documents,  to 
spend  the  summer  in  its  continuance. 

Of  the  other  set  of  volumes  devoted  to  the  history  of  slavery  in  the  United 
States,  that  which  is  being  prepared  by  Mrs.  Catterall,  it  is  gratifying  to 
be  able  to  report  that  the  manuscript  of  volume  I  is  in  hand.  It  came  to 
the  office  of  the  Department  from  Mrs.  Catterall  in  March,  but  it  did  not 
prove  possible  to  complete,  before  the  end  of  the  year  of  report,  the  small 
editorial  operations  necessary  to  make  it  absolutely  ready  for  the  printer. 
Mrs.  CatteralFs  labors,  performed  with  extraordinary  care,  have  consisted 
in  two  things.  On  the  one  hand  she  has  drawn  off  from  the  judicial  reports, 
English,  Canadian,  federal,  and  state,  all  those  narratives,  documents,  or 
statements  of  fact  which  are  found  imbedded  in  the  reports  of  cases  con- 
cerning slaves  or  other  negroes,  and  which  thus  illustrate  by  actual  instances 
the  nature  of  slavery  as  a  working  institution.  These  inevitably  exhibit 
slavery  as  it  was,  to  the  life,  in  all  its  aspects;  and  as  all  such  cases  are  in- 
cluded, there  can  be  no  suspicion,  such  as  sometimes  arises  in  the  case  of 
such  documentary  collections,  of  biased  selection  in  the  presentation.  In 
the  second  place,  she  has  summarized  with  great  skill,  in  the  words  of  the 
court  itself  as  largely  as  possible,  the  judicial  decisions  and  opinions  rendered 
in  each  of  these  cases.  The  first  volume  contains  the  reported  cases  from 
England,  Maryland,  the  District  of  Columbia,  Virginia,  and  West  Virginia; 
those  of  Kentucky,  Missouri,  Canada,  and  the  northern  states  follow,  in 
volume  II.  The  reasons  for  this  collocation  (apart  from  the  natural  prece- 
dence of  the  English  cases)  are  these :  that  the  Maryland  and  Virginia  cases 
begin  at  earlier  dates,  in  general,  than  those  of  any  other  of  the  slave  states; 
that  those  arising  in  the  District  of  Columbia  presented  close  similarities  of 
circumstance  to  those  of  Maryland;  that,  as  migration  of  population  pro- 
ceeded westward  from  Virginia,  social  institutions,  laws,  and  judicial  ideas 
went  westward  into  West  Virginia,  Kentucky,  and  Missouri  (while  those  of 
North  Carolina,  for  instance,  went  westward  into  Tennessee) ;  and  that  the 
earlier  Canadian  cases  are  closely  connected  with  those  of  Missouri. 

In  October  the  completed  manuscript  of  the  Correspondence  of  Andrew 
Jackson,  edited  by  Professor  Bassett,  was  received  by  the  Department.  This 
collection,  of  obviously  great  importance  for  the  history  of  the  "middle 
period"  of  United  States  history  and  for  knowledge  of  the  Democratic  move- 
ment, is  of  such  magnitude  as  to  amount,  as  was  indeed  estimated  at  the 
beginning,  to  six  octavo  volumes  of  print.  The  first  volume,  duly  prepared 
for  printing,  was  authorized  by  the  Executive  Committee  in  April,  and  before 
the  end  of  June  galley-proofs  to  the  extent  of  one-third  of  it  had  been 
received  by  the  Department.  This  first  volume  extends  from  the  first  known 
document  in  Jackson's  handwriting  (1779;  first  letter,  1788)  to  May  1,  1814, 
when  he  became  major-general  in  the  United  States  Army.  It  will  apparently 
make  a  volume  of  somewhat  more  than  500  pages,  and,  containing  besides 
Jackson's  own  letters  a  considerable  number  of  those  addressed  to  him,  will 
document  the  conduct  of  the  earlier  period  of  his  life,  the  expedition  to 
Natchez,  and  the  Creek  war,  more  thoroughly  than  this  has  ever  been  done 
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before.  Jackson's  letters  are  of  course  printed  verbatim  et  literatim,  and  thus 
will  show  the  successive  stages  in  the  process  of  self-education  that  accom- 
panied the  growth  of  his  experience  in  public  and  military  life. 

Additional  materials  for  the  proposed  volumes  of  the  Correspondence  of 
British  Ministers  to  the  United  States  received  during  the  year  (and  a  few 
additional  days),  have  put  the  Department  in  possession  of  transcripts  of 
all  the  official  letters  of  those  ministers  to  the  end  of  April  1806. 

For  the  series  entitled,  Historical  Documents  relating  to  New  Mexico,  Nueva 
Vizcaya,  and  the  Approaches  Thereto,  collected  by  the  late  Dr.  Adolph  Bande- 
lier  and  Mrs.  Bandelier,  and  edited  by  Professor  Hackett,  the  second  volume 
was  nearly  completed  before  the  end  of  June  (and  quite  completed  in  July). 
It  is  a  volume  of  about  the  same  size  as  its  predecessor,  containing  44  docu- 
ments, almost  all  of  them  quite  unknown  hitherto,  derived  chiefly  from 
the  Archives  of  the  Indies  in  Seville.  The  plan  is  the  same  as  that  of  the 
first  volume — Spanish  texts  and  careful  translations  into  English  on  opposite 
pages,  an  elaborate  introduction  by  Dr.  Hackett,  and  the  needful  annotations. 
This  volume  comprises  that  portion  of  the  documents  collected  which  illus- 
trate the  history  of  Nueva  Vizcaya  in  the  seventeenth  century. 

MISCELLANEOUS  OPERATIONS. 

As  heretofore,  the  editing  of  the  American  Historical  Review  has  been 
carried  on  in  the  office  of  the  Department  and  by  its  staff,  mainly  by  the 
Director  and  Miss  Griffin,  with  aid  from  Dr.  Burnett  in  one  section.  Various 
help  has  been  given  to  the  American  Historical  Association  and  other  his- 
torical societies,  especially  in  respect  to  investigations  in  Washington 
archives,  and  many  inquiries  from  historical  students  have  been  answered  or 
transcripts  of  documents  procured  for  them. 

The  Director  has  continued  to  serve  as  one  of  the  two  representatives  of  the 
American  Historical  Association  in  the  American  Council  of  Learned  Socie- 
ties, and  as  chairman  of  the  Committee  of  Management  of  the  proposed  large 
Dictionary  of  American  Biography.  Mr.  Leland  has  been  a  representative  of 
the  American  Antiquarian  Society  in  the  same  council,  and  during  the  last 
half  of  the  year  its  executive  secretary.  He  has  also  rendered  important 
service  in  the  work  of  the  International  Committee  of  Historical  Sciences 
provided  for  by  the  last  International  Historical  Congress.  Dr.  Stock  has 
given  a  course  of  historical  instruction  in  the  Catholic  University  of  America. 
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The  most  significant  features  of  the  work  of  the  Department  of  Meridian 
Astrometry  during  the  past  year  have  been  the  completion  of  the  manuscript 
of  the  catalogue  of  positions  of  15,333  stars  observed  at  San  Luis,  the  formation 
of  the  preliminary  catalogue  of  positions  of  20,766  stars  based  upon  about 
100,000  observations  made  at  Albany  during  the  years  1907-18,  and  the 
commencement  of  the  reductions  of  the  observations  taken  by  Flint  at  the 
Washburn  Observatory,  Madison,  Wisconsin,  of  stars  in  the  General  Cata- 
logue between  declinations  —20°  and  +30°. 

REDUCTIONS  OF  OBSERVATIONS. 

The  final  checking  of  the  manuscript  of  the  San  Luis  catalogue  was  com- 
pleted early  in  the  year.  The  designations  of  the  stars,  which  had  been 
omitted  pending  a  decision  as  to  what  system  should  be  used,  were  entered 
on  the  basis  of  the  system  used  in  the  Revised  Harvard  Draper  catalogues, 
that  is,  using  the  numbers  of  the  Bonn,  Cordoba,  and  Cape  Photographic 
Durchmusterungs.  This  system  permits  ready  comparison  with  the  Draper 
catalogues  and  with  many  of  the  catalogues  of  positions,  notably  all  those  of 
the  Astronomische  Gesselschaft.  The  manuscript  is  now  ready  for  the  printer. 
A  first  draft  of  that  part  of  the  introduction  pertaining  to  the  declinations 
has  been  completed  and  a  start  made  on  that  for  the  right-ascensions. 

In  the  final  discussion  of  the  San  Luis  declinations  two  points  are  brought 
out  upon  which  comment  has  not  heretofore  been  made.  From  a  discussion 
of  the  observations  of  stars  in  pairs  in  which  one  observation  is  taken  directly 
and  the  other  by  reflection  from  a  mercury  basin,  Roy  finds  a  value  of  the 
double  cosine-flexure,  O^^OW,  in  good  agreement  with  the  value  0''33, 
derived  from  a  comparison  of  the  observations  with  Clamp  East  and  Clamp 
West.  His  study  of  the  circumpolar  stars  observed  at  upper  and  lower 
culminations  reveals  a  marked  discrepancy  between  the  declinations  of  the 
stars  north  of  the  equator  obtained  upon  a  system  based  upon  the  stars  within 
18°  of  the  pole  and  those  based  upon  all  the  material.  The  run  of  the  residuals 
based  upon  the  latter  system  suggests  that  the  refraction  tables  need  other 
modifications  than  a  simple  factor  or  added  tangent  term.  It  seems  probable 
that  the  refraction  north  of  the  zenith  at  San  Luis  is  different  from  that 
south,  a  question  which  will  have  to  be  considered  in  connection  with  the 
Albany  results  obtained  with  the  same  instrument  and  particularly  through 
the  results  obtained  by  the  same  observers,  north  and  south. 

Considerable  progress  has  been  made  on  the  reductions  of  the  Albany 
observations,  both  in  right-ascension  and  declination.  The  first  reductions 
of  the  declinations  have  been  completed  and  the  collation  of  the  observations 
preparatory  to  deriving  the  corrections  for  the  formation  of  a  homogeneous 
catalogue  of  positions,  mentioned  in  last  year's  report,  has  been  carried 
forward  with  but  little  interruption.  This  work  has  involved  the  cata- 
loguing in  duplicate  of  some  85,000  observations,  employing  nearly  all  the 
time  of  four  members  of  the  staff.  About  15,000  observations  remain  to  be 
catalogued. 

Address:  Dudley  Observatory,  Albany,  N.  Y. 
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The  preliminary  reductions  for  all  the  fundamental  series  in  right-ascension, 
those  containing  double  transits  and  good  12-  and  24-hour  groups  of  clock 
stars,  were  finished  in  the  Spring  of  1924.  The  clock-corrections  for  these 
series  were  derived  from  the  Clock-A  stars,  a  list  of  188  stars  best  observed  in 
the  past  and  selected  for  the  strong  weight  of  their  proper-motions.  For 
the  additional  series,  there  were  observed  for  clock-corrections  184  additional 
stars,  Clock-B  stars,  which  were  intended  to  be  used  with  the  available 
Clock-A  stars.  As  it  was  desirable  that  the  two  classes  of  stars  should  give 
the  same  zero-point  in  right-ascension,  a  comparison  was  made  with  the 
Preliminary  General  Catalogue  to  test  this  point.  Whether  arranged  according 
to  right-ascension  or  declination,  the  interagreement  of  the  clock-corrections 
derived  from  the  two  sets  of  stars  is  satisfactory,  the  mean  residuals  from 
5,347  observations  of  the  Clock-rA  stars  being  +0!0001  and  from  2,430  obser- 
vations of  the  Clock-B  stars,  —  0!0005;  the  mean  of  all  as  combined  in  order 
of  declination  being  ±  ?0000. 

Table  1. — Diurnal  term  in  the  Albany  right-ascensions. 
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1915-18 
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1915-18 
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-?022 

+  ?002 

-!016 

-!008 

-!024 

1 

-.018 

+  .002 

-.025 

-.012 

-.007 

2 

-.007 

+  .004 

-.024 

-.009 

-.005 

3 

+  .005 

+  .010 

-.010 

+  .004 

-.007 

4 

+  .019 

+  .018 

+  .012 

+  .018 

+  .003 

5 

+  .030 

+  .023 

+  .013 

+  .024 

+  .017 

6 

+  .033 

+  .021 

-.005 

+  .022 

+  .022 

7 

+  .029 

+  .014 

-.018 

+  .015 

+  .020 

8 

+  .021 

+  .004 

-.013 

+  .006 

+  .012 

9 

+  .015 

-.006 

.000 

+  .001 

+  .015 

10 

+  .010 

-.011 

+  .012 

+  .005 

+  .021 

11 

+  .006 

-.017 

+  .019 

+  .005 

+  .022 

12 

.000 

-.017 

+  .021 

-.006 

+  .025 

13 

-.012 

-.014 

+  .017 

-.'015 

+  .031 

14 

-.029 

-.008 

+  .008 

-.008 

+  .031 

15 

-.039 
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.000 

.000 

+  .022 

16 

-.032 

+  .002 

-.004 

-.006 

+  .008 

17 

-.015 

+  .002 
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-.017 

-.008 

18 

-.007 

+  .002 

-.004 

-.015 

-.020 

19 

-.004 

+  .002 

-.002 

-.008 

-.028 

20 

.000 

+  .002 

+  .004 

-.004 

-.029 

21 

+  .009 

+  .002 

+  .010 
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-.032 

22 

+  .002 

+  .002 

+  .007 

+  .002 

-.040 

23 

-.018 

+  .002 

-.005 

-.002 

-.040 

Varnum  finds  that  the  diurnal  term  noticed  in  the  San  Luis  observations 
is  also  well  marked  in  those  taken  at  Albany.  Riefler  clock  No.  88  was  used 
from  1907  to  1915  and  was  not  sealed.  Riefler  No.  218  was  used  from  1915 
to  the  close  of  observing  and  was  sealed.  Yet  through  the  entire  period  of 
observing  a  well-marked  diurnal  term  manifests  itself.  Investigations 
showed  that  this  term  is  not  the  same  for  different  observers.  Therefore, 
its  value  was  derived,  where  the  material  sufficed,  for  each  observer  and  each 
period,  as  exhibited  in  Table  1.  As  a  further  test  of  its  reality  96  well- 
observed  stars  with  different  declinations  and  right-ascensions  were  selected 
at  random  and  comparisons  made  of  their  observed  positions  with  those  of 
the  Preliminary  General  Catalogue.    The  residuals  were  tabulated  against 
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the  values  of  the  diurnal  term  and  it  was  shown  that  the  application  of  the 
diurnal  correction  decreased  the  residual  in  77,  or  80  per  cent,  of  the  96  cases. 

Before  using  the  derived  places  of  the  circumpolar  stars  for  the  determina- 
tions of  azimuth  for  all  the  series,  an  examination  was  made  to  ascertain  if 
there  was  any  systematic  difference  in  the  observations  made  above  and  below 
the  pole.  From  the  pole  to  -j-74?5  there  were  84  stars  available,  with  1,156 
observations  above  and  1,033  below  the  pole.  These  2,189  observations 
give  a  mean  value  of  the  difference,  U— L=  —  0!0004,  a  value  which  is 
negligible.  It  may  be  concluded,  therefore,  that  no  error  of  the  form  (U  — L) 
exists  in  the  Albany  right-ascensions. 

The  definitive  clock-corrections  and  azimuths  for  all  the  series  of  Albany 
observations  have  now  been  derived,  and  five  of  the  computers  are  applying 
these  corrections.  A  comparison  is  being  made  with  the  Preliminary  General 
Catalogue  for  the  determination  of  systematic  errors  due  to  the  observers 
(Personal),  to  clamps  (E— W),  and  to  position,  (  Aaa  and  Aa5).  This  in- 
vestigation is  nearly  complete  and  the  results  show  that  the  values  of  (E— W) 
for  1907-08  and  1911-18  agree  well  with  the  values  obtained  for  San  Luis, 
1909-11,  giving  evidence  that  no  changes  were  introduced  through  the  dis- 
mantling, transportation,  and  reassembling  of  the  Olcott  Meridian  Circle, 
a  point  which  may  prove  of  considerable  value  in  future  discussions  of  the 
two  series  of  observations  for  the  revision  of  the  system  of  the  Preliminary 
General  Catalogue. 

Roy  has  done  much  of  the  preliminary  work  upon  the  observations  taken 
by  Professor  Albert  S.  Flint  at  the  Washburn  Observatory  of  the  University 
of  Wisconsin  to  supplement  the  Albany  observations  of  the  stars  of  magni- 
tudes 6.0  to  7.0  between  —20°  and  +30°  of  declination,  work  which  is  neces- 
sary before  routine  reduction  can  be  started. 

MEDIAN  PARALLAX  FORMULA. 

Since  the  last  report  considerable  revision  has  been  made  in  the  median 
parallax  formula.  A  formula  depending  upon  second-order  terms  in  the 
proper-motion  would  not  fit  the  observed  curve,  but  the  addition  of  a  term 
of  the  third  order  produced  very  close  agreement  between  the  observed  and 
computed  curves.    The  formula  derived  (visual  magnitude  6.0)  is: 

log  0r-':00346)  =  - 1.1339+0.8226  log  M+0.0942  logV+0.0480  logV 
This  formula  was  derived  from  a  treatment  of  trigonometric  parallaxes 
and  is  representative  of  the  parallaxes  of  the  stars  in  general,  providing  the 
data  used  covers  a  normal  condition.  There  is  reason  to  believe  that  a  normal 
curve  has  been  attained,  though  it  is  well  to  note  that  any  systematic  error 
entering  into  the  trigonometric  parallaxes  in  general  will  alter  the  formula. 
An  investigation  of  this  point  has  been  started.  An  interesting  outcome  of 
the  investigation  is  the  constancy  of  the  factor  employed  in  reducing  the 
absolute  magnitudes  of  stars  of  a  given  visual  magnitude  to  any  other  visual 
magnitude.  In  recent  investigations  of  this  nature  the  factor  has  been  found 
to  vary  with  the  proper-motion,  whereas  in  the  present  study  the  size  of  the 
proper-motion  has  no  effect  upon  the  factor.  This  suggests  the  possibility  of 
extrapolating  results  beyond  the  limiting  visual  magnitudes  used  in  the  in- 
vestigation. Attention  should  be  called  to  the  need  of  more  parallax  obser- 
vations of  stars  of  very  small  proper-motion  and  those  of  faint  luminosity  in 
order  to  fix  the  two  extremes  of  the  curve,  which  are  at  present  uncertain. 
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There  is  a  tendency  among  the  parallax  observers  to  avoid  trigonometric 
measures  of  stars  of  small  proper-motion  since,  in  general,  they  yield  a  large 
proportion  of  negative  values,  but  observations  of  these  stars  are  extremely 
important  for  statistical  investigations. 

SYSTEMATIC  CORRECTIONS  TO  PARALLAXES. 

The  various  series  of  trigonometric  parallaxes  have  been  compared  with 
the  median  parallax  formula  to  determine  their  systematic  corrections. 
The  results  are  as  follows:  Allegheny,  +070009;  McCormick,  +070004; 
Mt.  Wilson,  -070013;  Yerkes,  +070010;  Greenwich,  +070003;  Sproul, 
-070072;  Dearborn,  -07022.  In  view  of  the  fact  that  the  size  of  the  indi- 
cated systematic  correction  decreases  with  each  investigation  whenever 
additional  parallaxes  become  available,  it  would  appear  that  the  modern 
measures  are  essentially  free  from  systematic  error.  Part  of  the  indicated 
differences  are  unquestionably  due  to  accidental  error,  part  to  the  correction 
used  in  reducing  from  relative  to  absolute  parallaxes,  and  part  is  perhaps  due 
to  real  systematic  error  introduced  in  the  earlier  measures. 

The  spectroscopic  parallaxes  have  been  treated  in  a  similar  manner  for 
systematic  error.  Expressed  in  the  form  of  corrections  to  absolute  magni- 
tudes the  Mount  Wilson  system  of  1646  stars  requires  a  correction  of  —3^0 
for  stars  of  zero  proper-motion.  The  correction  decreases  to  0¥0  at  proper- 
motion  about  07045,  from  which  point  it  runs  positive  to  proper-motion  072, 
with  a  maximum  correction  of  +0^3.  For  proper-motions  greater  than  072 
the  correction  is  essentially  zero.  The  Mount  Wilson  absolute  magnitudes  of 
the  A-type  stars  require  negative  corrections  for  stars  of  all  proper-motions. 

DIURNAL  VARIATIONS. 

In  1913  Courvoisier1  treated  various  series  of  meridian  observations  for 
an  annual  term  in  refraction.  Since  an  annual  term  may  be  interpreted  as 
the  effect  of  a  diurnal  term,  part  of  the  material  has  been  treated  for  a  term 
of  this  nature.  The  results  indicate  a  diurnal  term  in  right-ascension  of  the 
same  order  as  that  found  in  the  San  Luis  and  Albany  observations. 

The  annual  term  in  the  variation  of  latitude  has  been  subjected  to  a  similar 
treatment.  Considerable  uncertainty  results  from  the  small  range  in  mean 
time  over  which  these  observations  have  been  taken,  but  here  too  there  seems 
to  be  evidence  of  a  diurnal  variation  of  considerable  amplitude.  It  would 
be  of  considerable  interest  to  have  a  series  of  observations  for  latitude  carried 
over  a  longer  range  of  mean  time. 

There  is  a  strong  probability  that  the  diurnal  variations  in  latitude,  or 
declination,  and  in  right-ascension  may  be  due  to  the  same  underlying  cause. 
Part  of  the  variation  might  logically  be  due  to  a  diurnal  term  in  refraction. 
Such  a  term  should  be  sought  through  observations  especially  planned  for 
its  determination. 

LUMINOSITIES  AND  PARALLAXES  OF  THE  EARLY-TYPE  STARS. 

The  assumption  that  the  luminosities  of  the  early-type  stars  are  dependent 
upon  spectral  class  only  has  been  questioned  by  Wilson,  who  finds  a  marked 
correlation  between  luminosity  and  proper-motion  and  also,  especially 
among  the  earliest  types,  a  dependence  upon  apparent  magnitude.     He  has 

1  Beobachtungs-Ergebnisse  der  Koniglichen  Sternwarte  zu  Berlin,  No.  15. 
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shown  that  improved  values  of  luminosities  and  parallaxes  of  these  stars 
may  be  obtained  if,  instead  of  the  relation  M  =  M  in  which  M  is  the  mean 
absolute  magnitude  of  all  the  stars  of  a  division  of  spectral  type,  one  uses 
the  relation: 

M  =  M0+m  tan  *+1.65  log  (m+0.4), 

where  M0  is  the  mean  absolute  magnitude  of  the  spectral  sub-class  reduced 
to  apparent  magnitude  0.0,  m  tan  ^  represents  the  dependence  upon  apparent 
magnitude,  a  constant  for  each  sub-class,  and  the  third  term  represents  the 
dependence  upon  centennial  proper-motion.  This  formula  is  shown  to  hold 
for  types  ranging  from  0  to  F0,  and  to  be  very  sensitive  to  differences  in  spec- 
trum. It  constitutes  essentially  a  combination  of  the  uniform  luminosity  and 
group-motion  methods  of  determining  individual  stellar  luminosities  and 
affords  a  method  capable  of  general  application,  somewhat  more  accurate 
than  those  used  heretofore  for  the  determination  of  the  luminosities  and, 
through  them,  of  the  parallaxes  of  the  early  type  stars. 

SYSTEMATIC  ERRORS  IN  PROPER-MOTIONS. 

In  view  of  the  importance  in  the  study  of  stellar  motions  of  systematic 
errors  in  the  Boss  proper-motions  in  declination  as  pointed  out  by  Kapteyn,1 
it  seemed  worth  while  to  make  rather  a  thorough  study  of  them  without 
waiting  for  the  reduction  of  the  Albany  observations,  even  though  the  results 
might  have  to  be  somewhat  modified  in  the  comparatively  near  future. 
Two  years  ago  it  was  pointed  out  that  the  determinations  of  the  corrections 
for  any  such  errors  must,  in  the  last  analysis,  be  based  upon  meridian  observa- 
tions. During  the  past  year  Raymond  has  carried  out  a  study  of  the  cor- 
rections of  the  form  A8S  and  A/z5  from  two  different  points  of  view. 

The  first  method  is  that  used  by  Lewis  Boss  in  founding  his  system.2  To 
his  data  were  added  34  catalogues  ranging  in  date  from  Halm's  reduction  of 
Edinburgh  1840  to  Greenwich  1925  (Epoch  1918).  Weights  were  assigned 
so  as  to  be  practically  consistent  with  those  given  the  27  catalogues  originally 
discussed  by  Boss.  Eight  of  the  catalogues  were  regarded  as  strictly  funda- 
mental and  the  others  were  compared  in  pairs,  one  from  an  observatory 
in  the  northern  hemisphere  with  one  in  the  southern  of  nearly  the  same  epoch, 
for  the  determinations  of  corrections  to  the  adopted  refraction  of  each. 
The  corrections  to  the  system  of  the  Preliminary  General  Catalogue  were 
expressed  for  each  15°  zone  in  the  form  A5o+t-A55  =  n',  where  n'  is  the 
correction  to  the  Preliminary  General  Catalogue  for  a  zone  as  given  by  any 
catalogue.  These  equations  were  added  to  those  used  by  Boss  and  the  whole 
solved  by  the  method  of  least  squares.  The  resulting  corrections  are  given 
in  columns  2  and  3  of  Table  2.  The  epoch  is  advanced  from  1865  to  about 
1885  by  the  addition  of  the  later  catalogues.  The  probable  errors  at  the 
equator  are:  e5(Epoch)=  ±0!029,  eM=  ±0^107,  and  therefore,  e5(1900)  = 
±0'f032  and  e5  (1925)  =  ±0?051,  a  little  more  than  half  the  present  probable 
error  of  the  fundamental  solution  of  the  Preliminary  General  Catalogue. 
In  so  far  as  the  declinations  are  concerned,  the  gain  in  precision  has  been  as 
much  from  advancing  the  epoch  as  from  reducing  the  probable  error  at  the 
epoch. 

1  Bulletin  of  the  Astronomical  Institute  of  the  Netherlands,  vol.  1,  69-78  (1922). 
'Catalogue  of  627  Principal  Standard  Stars,  63  ff.;  Astronomical  Journal,  vol.  23,  119-121 
(1903). 
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The  second  method  rests  upon  the  principle  that  a  long  series  of  determina- 
tions made  at  one  observatory,  using  the  same  methods  of  observation  and 
reduction,  should  give  reliable  values  of  the  proper-motions,  even  though  the 
observed  declinations  might  be  in  error,  since  these  errors  would  presumably 
be  constant.  The  long  series  of  determinations  of  declinations  made  at 
Pulkovo,  Greenwich,  and  the  Cape  of  Good  Hope  were  discussed,  the  results 
from  each  instrument  being  adjusted  to  constant  values  of  the  latitude,  re- 
fraction, and  flexure  of  the  instrument.  There  was  clearly  no  possibility 
of  a  significant  result  without  such  an  adjustment.  The  Pulkovo  refractions 
were  adopted  as  a  convenient  datum.  The  nominal  probable  errors  of 
Pulkovo  and  Greenwich  are  each  of  about  the  same  magnitude  as  those  of  the 
general  solution  above,  those  of  Cape  somewhat  greater,  facts  which  show 
how  much  easier  it  is  to  render  homogeneous  a  single  series  of  observations 
than  to  do  the  same  for  the  whole  mass  of  material.  The  corrections  to  the 
Boss  proper-motions  in  declination  derived  by  this  method  are  given  in  column 
4  of  Table  2.  Column  5  gives  the  weighted  means  of  the  corrections  in 
columns  3  and  4. 


Table  2. 


-Corrections  to  the  declinations  and  proper-motions  in  declination  of  the  Preliminary 
General  Catalogue. 


s 

A5  (1900) 

IS 

An 
IlS 

AflS 
Mean 

o 

+80 
+60 
+45 
+30 
+  15 

+o':o4 

+   .12 
+   .23 
+    .22 
+   .19 

+':io 

+  .24 
+  .34 
+  .45 
+  .29 

+"02 
+  .01 
+  .19 
+  .44 
+  .26 

+T06 
+  .16 
+  .29 

+  .45 
+  .28 

0 

+    .14 

+  .17 

+  .10 

+  .15 

-15 
-30 
-45 
-60 
-80 

* 

+    .19 
+    .13 
+   .22 
+   .13 
+0.01 

+  .36 
+  .46 
+  .46 
+  .21 
+  .04 

+  .26 
+  .40 
+  .28 
+  .07 
+  .01 

+  .33 
+  .45 
+  .42 
+  .18 
+  .03 

Consideration  of  the  last  three  columns  of  Table  2  makes  it  evident  that 
the  form  of  the  correction  suggested  by  Kapteyn,  An  =G  cos  8,  is  wrong. 
The  correction  curve  has  maxima  at  about  +30°  and  —35°  and  a  secondary 
minimum  at  the  equator.  Corroborative  evidence  as  to  the  shape  of  the 
curve  is  found  in  the  work  of  Varnum1  based  upon  a  solution  of  the  form 
C+  at  +bt2  =  n'  for  forty  catalogues  and  in  Alden's  discussion2  of  the  motions 
of  the  faint  stars,  though  the  values  of  the  corrections  derived  by  these  in- 
vestigators are  somewhat  larger  than  those  of  Raymond.  The  four  inde- 
pendent investigations  by  different  methods  indicate  in  general  the  same  sort 
of  a  correction  curve,  and  there  can  be  little  doubt  that  Kapteyn's  assump- 
tion that  the  systematic  errors  of  the  Boss  proper-motion  in  declination  vary 
with  the  cosine  of  the  declination  is  erroneous. 

It  remained  to  be  shown  what  quantitative  effect  the  corrections  derived 
above  would  have  upon  the  determinations  of  the  declination  of  the  solar 

1  Astronomische  Nachrichten,  222,  246  (1924). 

2  Astronomical  Journal,  vol.  36,  18  (1925). 


DEPARTMENT    OF   MERIDIAN    ASTROMETRY. 


85 


apex,  in  view  of  the  fact  that  Kapteyn's  suggested  correction  was  obtained 
from  a  comparison  of  the  positions  of  the  apex  derived  from  radial  velocities 
and  proper-motions.  In  Table  3  Wilson  exhibits  mean  results  of  the  appli- 
cation of  Raymond's  correction  upon  several  solutions  for  the  position  of 
the  apex.  The  first  three  sets  of  values  are  means  of  two  solutions  made 
during  the  past  year.  Solution  I  was  based  upon  2,748  stars  with  common 
radial  velocities  and  Boss  proper-motions,  excluding  radial  velocities  in  excess 
of  50  km. /sec.  and  proper-motions  greater  than  50"/cent.  Solution  II 
was  based  upon  2,411  of  the  same  stars  for  which  parallaxes  were  available, 
excluding  those  with  real  motions  greater  than  60  km/sec.  The  fourth  set 
of  values  gives  a  comparison  between  the  radial  velocity  solution  based  on 
2,755  stars,  given  by  Raymond  and  Wilson  in  last  year's  report,  and  a  solu- 
tion by  Raymond1  based  upon  5,384  stars  with  proper-motions  less  than 
20"/cent.     It  is  clear  that  the  corrections,  small  as  they  may  seem,  essen- 

Table  3. — Effect  of  systematic  corrections  on  declination  of  solar  apex. 


Ap 

Ap 

Dp 

Dp, 

Dp,  (corr.) 

Types. 

271?6 
270.0 
271.0 
269.1 

269?5 
270.3 
269.9 
270.1 

+27?2 
+26.4 
+27.2 
+29.8 

+32?7 
+30.6 
+31.4 
+33.6 

+27?2 
+27.6 
+28.0 
+27.8 

B&A 
F-M 
All 
All 

tially  eliminate  the  systematic  difference  between  the  declination  of  the 

solar  apex  derived  from  radial  velocities  and  proper-motions.     Any  larger 

correction,  while  not  affecting  greatly  the  D  derived  from  the  late-type  stars 

would  produce  a  large  discrepancy  in  that  derived  from  the  early-type  stars 

in  the  opposite  direction  from  that  which  is  produced  by  the  uncorrected 

proper-motions. 

STELLAR  WAVE-LENGTHS. 

The  difficulties  encountered  with  laboratory  spectra  of  silicon  enhance 
the  importance  of  a  thorough  study  of  the  wave-lengths  of  silicon  in  stellar 
spectra.  From  additional  measures  sent  by  Professor  Frost,  Albrecht  has 
considerably  strengthened  the  stellar  wave-lengths  previously  determined, 
not  only  of  silicon,  but  also  of  oxygen,  nitrogen,  and  helium.     The  stellar 

Table  4. — Comparison  of  laboratory  and  stellar  wave-lengths  of  silicon. 


Fowler. 

Barrell. 

Albrecht. 

1925 

1923 

Ill-prism. 

II-prism. 

I.  A. 

4552.654 
4567.872 
4574.777 

XX          p.  e. 

0.611    +0.002 

.824         .002 

.737         .002 

X        Obs. 

0.612     126 

.823     112 

.756       77 

X       Obs. 

0.616     108 

.831     108 

.715       73 

wave-lengths  of  silicon  agree  more  closely  with  the  earlier  wave-lengths 
determined  in  Fowler's  laboratory  and  published  by  Barrell  in  1923  than  with 
those  published  by  Fowler  in  1925,  as  shown  in  Table  4. 

1  Astronomical  Journal,  vol.  30,  197,  1917. 
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In  numerous  stellar  spectra  of  Class  B  the  lines  are  wide  and  diffuse,  making 
the  use  of  different  dispersions  desirable.  For  /3  Cephei,  Class  Bl,  wave- 
lengths determined  from  108  II-prism  spectrograms  were  found  to  be  in  satis- 
factory agreement  with  the  wave-lengths  determined  from  21  spectrograms 
of  the  same  star  taken  with  Ill-prism  dispersion  and  with  the  wave-lengths 
obtained  for  the  Class  B  stars  in  general. 

An  intercomparison  was  made  by  Albrecht  of  the  systems  of  laboratory 
wave-lengths  of  titanium  and  iron,  which  are  of  considerable  importance 
in  astronomical  spectroscopy,  as  several  phenomena  now  under  investigation 
depend  upon  such  minute  differences  as  0.002  or  0.003  of  an  Angstrom. 
Rowland's  Preliminary  Table  of  Solar  Spectrum  Wave-Lengths  was  employed 
as  an  intermediate  system  for  the  comparison.  Brown's  titanium  wave- 
lengths within  the  region  X4,250  to  X4,280  were  found  to  be  on  the  average 
0.0007a  lower  than  the  system  of  the  Bureau  of  Standards  for  iron,  with  a 
maximum  separation  of  the  curves  of  0.004a.  If,  however,  Brown's  wave- 
lengths, determined  with  the  vacuum  arc,  are  corrected  for  the  Gale  and 
Adams  pressure  shifts  at  one  atmosphere,  it  appears  that  the  system  of  Brown 
is  more  nearly  coincident  with  the  system  of  the  International  Tertiary 
Standards.  Brown's  wave-lengths  corrected  for  pressure  shifts  are  on  the 
average  0.001a  larger  than  the  tertiary  standards  and  about  0.003a  larger 
than  the  Bureau  of  Standards  wave-lengths. 

TOTAL  SOLAR  ECLIPSE  OF  JANUARY  24,  1925. 

While  it  was  not  considered  within  the  province  of  this  Department  to 
make  any  extensive  observations  of  the  total  eclipse  of  the  Sun  which  passed 
just  to  the  south  of  Albany  on  January  24,  a  considerable  part  of  the  efforts 
of  the  Director,  Albrecht,  and  Wilson  during  January  was  devoted  to  the 
dissemination  of  information  with  regard  to  the  phenomenon  in  this  locality 
and  to  the  organization  of  an  excursion  to  a  point  within  the  path  of  totality. 
Through  these  activities  four  special  trains  were  run  from  Albany,  Schenectady, 
and  Troy  and  over  2,000  people  were  enabled  to  see  the  eclipse  under  favor- 
able conditions. 

Visual  observations  of  the  shadow  bands  and  general  illumination  were 
made  by  Albrecht  south  of  Poughkeepsie.  The  shadow  bands  were  seen 
for  an  interval  of  about  two  minutes  before  and  three  minutes  after  totality. 
They  were  of  such  a  nature  as  to  preclude  being  seen  on  the  ground  from  an 
elevation  of  a  thousand  feet  or  more.  To  be  observed  from  an  airship  they 
must  be  caught  on  surfaces  close  to  the  observer  and  the  relative  speeds 
of  the  airship  and  the  shadow  bands  must  not  be  great.  Study  of  the  descrip- 
tions of  former  eclipses  and  the  experience  of  observing  both  the  so-called 
light  and  dark  eclipses  leads  to  the  conclusion  that  the  differences  between 
eclipses  in  the  general  illumination  from  the  coronal  light  have  usually  been 
overestimated,  due  principally  to  physiological  factors. 

STAFF. 

The  efforts  of  the  Director  have  been  devoted  chiefly  to  investigations  on 
the  median  parallax  formula,  systematic  corrections  to  parallaxes,  and  diurnal 
variations.  On  May  28  he  sailed  for  Europe  to  attend  the  meetings  of  the 
International  Astronomical  Union  at  Cambridge  and  other  astronomical 
conferences.     During  his  absence  Dr.  Ralph  E.  Wilson,  Secretary  of  the 
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Department,  has  been  in  charge.  In  addition  to  these  duties,  Dr.  Wilson 
has  made  studies  of  methods  of  obtaining  parallaxes  of  the  early-type  stars 
and  of  the  effect  of  systematic  corrections  to  the  proper-motions  of  the  Pre- 
liminary General  Catalogue  upon  statistical  problems  and  has  continued  in 
charge  of  the  publication  of  the  Astronomical  Journal.  Dr.  Sebastian  Al- 
brecht  has  continued  his  investigations  of  stellar  wave-lengths.  Mr.  Harry 
Raymond  has  completed  the  investigation  of  the  corrections  to  the  system 
of  the  Preliminary  General  Catalogue,  in  so  far  as  they  can  profitably  be  car- 
ried at  present.  Mr.  Arthur  J.  Roy  has  continued  in  charge  of  the  reductions 
of  the  observations  in  declination  and  has  been  engaged  on  the  introduction 
to  the  San  Luis  catalogue  and  the  preliminary  work  on  the  reduction  of  the 
Flint  observations.  Mr.  William  B.  Varnum  has  been  in  charge  of  the  reduc- 
tions of  the  observations  in  right-ascension  and  has  continued  his  investigations 
of  refraction  effects.  Heroy  Jenkins  and  Sherwood  B.  Grant  have  assisted 
Mr.  Roy  with  the  reductions  of  the  declinations  and  Miss  Isabella  Lange  has 
served  in  the  same  capacity  with  Mr.  Varnum  on  the  right-ascensions. 

Of  the  computing  staff,  Miss  Grace  I.  Buffum  and  Mrs.  Lillian  F.  Blanchard 
have  assisted  Mr.  Roy;  and  Misses  Marie  Lange,  Frances  L.  McNeill,  Marion 
Benjamin,  Elizabeth  Coughlin,  Ruth  Willstaedt,  and  Edith  W.  Davies  have 
assisted  Mr.  Varnum.  Miss  Marion  Benjamin  resigned  as  computer  on 
June  1,  1925.  Miss  M.  Alberta  Hawes,  assistant  in  the  observatory  at 
Vassar  College,  was  appointed  a  special  computer  for  the  months  of  July 
and  August  1925  for  work  on  the  investigations  of  real  motions. 
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An  important  and  valuable  addition  to  the  equipment  of  the  Observatory 
during  the  past  year  has  been  the  gift  by  Dr.  Hale  of  the  Solar  Laboratory 
with  its  buildings,  grounds,  and  instruments  to  the  Carnegie  Institution  of 
Washington.  The  work  carried  on  in  the  Solar  Laboratory  by  Dr.  Hale  will 
form  an  integral  part  of  the  solar  and  laboratory  investigations  of  the  Observ- 
atory, and  the  character  of  its  equipment,  together  with  the  advantages  to 
be  derived  from  its  separate  location,  will  doubtless  prove  of  increasing  benefit 
in  the  study  of  problems  relating  to  the  sun.  The  laboratory  building  with 
the  dome  and  ccelostat  mounting  were  completed  during  the  year,  and  the 
construction  of  the  75-foot  spectrograph  and  auxiliary  spectroheliographs  is 
well  advanced.  Of  especial  interest  is  the  use  in  the  image-forming  telescope 
of  an  8-inch  fused  quartz  disk  secured  through  the  aid  of  Dr.  Elihu  Thomson 
of  the  General  Electric  Company.  This  disk  will  be  figured  to  a  convex 
form  and  will  be  used  in  combination  with  a  concave  mirror  of  pyrex  glass 
to  form  a  Cassegrain  telescope  with  an  equivalent  focal  length  of  60  feet. 
Tanks  with  glass  walls  for  the  study  of  vortex  structure  in  liquids  have  been 
built  for  the  Solar  Laboratory,  together  with  some  spectroscopic  apparatus 
of  a  temporary  character  for  use  pending  the  completion  of  the  permanent 
instruments. 

In  accordance  with  the  wishes  expressed  by  the  late  Dr.  Woodward,  former 
president  of  the  Carnegie  Institution,  the  Observatory  has  received  the  books 
contained  in  his  personal  library.  These  number  over  600  volumes  and  will 
form  a  most  valuable  addition  to  the  Observatory  library,  particularly  in  the 
departments  of  physics  and  mathematics.  The  books  will  be  provided  with 
a  separate  bookplate  previous  to  incorporation  in  the  main  library  of  about 
8,500  bound  volumes. 

As  in  previous  years  the  Observatory  has  derived  great  benefit  through  its 
close  association  with  the  California  Institute  of  Technology.  Several 
courses  of  lectures  in  physics  and  chemistry  given  by  distinguished  visiting 
scientists  at  the  Institute  were  attended  by  members  of  the  staff,  and  intimate 
contact  between  the  investigations  in  progress  at  the  two  institutions  has 
been  maintained  by  joint  seminars  and  scientific  meetings.  The  Observatory 
has  been  able  to  afford  considerable  assistance  toward  the  completion  of  the 
plans  for  the  Seismological  Laboratory  now  under  construction  by  the  Cali- 
fornia Institute  in  cooperation  with  the  Advisory  Committee  in  Seismology 
of  the  Carnegie  Institution. 

In  the  course  of  a  visit  from  Professor  A.  S.  Eddington,  the  members  of 
the  staff  had  the  privilege  of  hearing  a  series  of  three  lectures  given  by  him 
on  his  researches  on  radiative  equilibrium  and  the  interior  of  stars.  Professor 
V.  Bjerknes  also  lectured  at  the  Observatory  on  vortices  and  solar  theory. 

An  expedition  consisting  of  three  members  of  the  staff,  Messrs.  Anderson, 
Nicholson,  and  Pettit,  was  sent  to  the  total  solar  eclipse  of  January  24,  1925. 
The  observations  were  made  at  Middletown,  Connecticut,  and  photographs 
of  the  flash  spectrum  as  well  as  measurements  of  the  heat  radiation  of  the 
corona  were  obtained  successfully. 

1  Address  Mount  Wilson  Observatory  Office,  Pasadena,  California.  89 
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STAFF. 

Dr.  George  E.  Hale,  Honorary  Director  of  the  Observatory,  has  been  en- 
gaged in  solar  research  on  sun-spot  vortices,  polarities,  and  related  problems, 
and  in  the  design  and  use  of  apparatus  for  the  Solar  Laboratory.  He  has  also 
given  much  consideration  to  detailed  plans  relating  to  the  future  develop- 
ment of  the  Observatory.  Dr.  Walter  S.  Adams,  Director,  has  continued  his 
studies  in  the  department  of  stellar  spectroscopy.  Professor  Frederick  H. 
Seares  was  appointed  Assistant  Director  on  January  1, 1925.  He  has  remained 
in  editorial  charge  of  the  publications  and  has  carried  on  investigations  in 
stellar  photometry  and  stellar  statistics. 

Dr.  Arthur  S.  King,  superintendent  of  the  Physical  Laboratory,  has  de- 
voted most  of  his  time  to  the  study  of  the  behavior  and  classification  of 
spectral  lines  in  different  laboratory  sources,  especially  the  electric  furnace 
and  the  high-current  arc.  Dr.  John  A.  Anderson  has  worked  with  the 
vacuum  spark  and  the  spectra  of  wire  explosions.  As  a  member  of  the 
Advisory  Committee  in  Seismology  he  has  given  much  attention  to  the 
design  of  seismological  instruments.  Dr.  Charles  E.  St.  John  has  continued 
his  investigations  in  solar  spectroscopy,  including  measurements  of  wave- 
length, studies  of  the  solar  rotation,  and  displacements  of  spectral  lines. 
Mr.  Harold  D.  Babcock  has  been  engaged  mainly  in  determinations  of  the 
wave-lengths  of  lines  in  the  solar  spectrum  and  in  laboratory  sources.  Mr. 
Francis  G.  Pease  has  continued  observational  work  with  the  20-foot  inter- 
ferometer and  has  remained  in  charge  of  the  design  of  apparatus  and  instru- 
ments. Dr.  Paul  W.  Merrill  has  carried  on  further  studies  of  the  spectra  of 
long-period  variable  stars,  B-type  stars  with  bright  lines,  and  abnormal  stellar 
spectra.  Professor  Alfred  H.  Joy,  Secretary  of  the  Observatory,  has  given 
especial  attention  to  the  spectra  of  variable  stars,  including  a  detailed  analysis 
of  the  spectrum  of  Mira  Ceti.  Dr.  Adriaan  van  Maanen  has  extended  his 
measurements  of  stellar  parallaxes  and  proper  motions.  Dr.  Seth  B.  Nichol- 
son has  been  engaged  in  solar  observations  and  in  collaboration  with  Dr. 
Pettit  has  continued  measurements  of  planetary  and  stellar  radiation  with 
the  thermocouple.  He  has  also  given  much  attention  to  the  drawings  for 
the  publication  on  sun-spot  polarities  in  course  of  preparation  by  Dr.  Hale. 
Dr.  Edwin  Hubble  has  made  further  investigations  of  nebulae  and  through 
the  determination  of  the  light-curves  of  variable  stars  discovered  by  him  in 
certain  spirals  has  been  led  to  studies  of  nebular  distances.  Dr.  Gustaf 
Stromberg  has  investigated  further  the  asymmetry  of  stellar  motions  and 
the  velocities  of  different  classes  of  stars  and  nebulae.  Dr.  Edison  Pettit 
has  carried  on  researches  on  the  radiation  of  stars  and  planets  and  the  ultra- 
violet radiation  of  the  sun.  Dr.  Roscoe  F.  Sanford  has  continued  his  work 
on  spectroscopic  binary  stars  and  measurements  of  radial  velocity.  Mr. 
Ferdinand  Ellerman  has  been  engaged  in  solar  observations  and  has  remained 
in  charge  of  the  general  photographic  work  of  the  Observatory.  Mr.  Milton 
L.  Humason  has  devoted  most  of  his  time  to  stellar  spectroscopy,  determining 
the  spectra  and  radial  velocities  of  stars  in  the  Selected  Areas  and  observing 
the  spectra  of  many  miscellaneous  faint  stars.  Mr.  Lewis  Humason  has 
been  assistant  in  the  regular  solar  observations,  and  Mr.  Wendell  P.  Hoge 
and  Mr.  Hugo  Benioff  have  given  occasional  aid  in  observations  with  the 
large  reflectors.     Dr.  Sinclair  Smith  and  Mr.  Dominick  Pompeo  have  assisted 
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in  the  physical  laboratory.  Dr.  Smith  has  also  aided  Dr.  Michelson  in  his 
measurements  of  the  velocity  of  light. 

Three  members  of  the  staff,  Mr.  Babcock,  Dr.  St.  John,  and  Dr.  van 
Maanen,  left  Pasadena  during  May  and  June  to  serve  as  representatives  of 
the  Observatory  at  the  July  meeting  of  the  International  Astronomical  Union 
in  Cambridge,  England. 

In  the  Computing  Division  Miss  Mayberry  continued,  to  the  time  of  her 
resignation  on  February  1,  the  systematic  determination  of  sun-spot  positions 
and  polarities  under  the  direction  of  Dr.  Nicholson.  Miss  Louise  Ware  and 
Mr.  Edward  F.  Adams  have  aided  in  Dr.  St.  John's  investigations  on  the 
solar  rotation  and  wave-lengths  of  lines  in  the  solar  spectrum.  Miss  Ware 
has  continued  her  use  of  the  registering  microphotometer  in  connection  with 
numerous  researches.  Miss  Joyner  and  Miss  Richmond  have  assisted  in  the 
photometric  and  statistical  studies  of  Professor  Seares,  Miss  Richmond  also 
aiding  in  the  reduction  of  radiation  measures  by  Dr.  Pettit  and  Dr.  Nicholson. 
Mrs.  Marsh  has  devoted  her  time  to  measurements  of  stellar  parallax  and 
proper  motion  under  the  direction  of  Dr.  van  Maanen.  Miss  Brayton,  Miss 
Fretz,  Miss  MacCormack,  Miss  Poole,  and  Miss  Wiberg  have  been  engaged  in 
various  phases  of  the  work  of  classifying  and  measuring  stellar  spectra  for 
radial  velocity  and  absolute  magnitude.  Miss  Poole  resigned  her  position 
on  January  1-and  Miss  Elizabeth  MacCormack  was  appointed  on  that  date. 
Miss  Burwell  has  assisted  Dr.  Merrill  in  his  spectroscopic  studies  of  special 
classes  of  stars.  Mr.  Wendell  P.  Hoge  has  been  engaged  chiefly  in  the 
measurement  and  reduction  of  photographs  taken  by  Mr.  Babcock  with  the 
interferometer  for  standards  of  wave-length.  Miss  Connor  has  continued  to 
act  as  librarian  and  to  assist  in  the  editorial  work.  Miss  Zola  Graham 
assisted  Dr.  Nicholson  temporarily  in  connection  with  the  compilation  of 
sun-spot  polarities. 

All  of  the  Research  Associates  of  the  Observatory  have  visited  Mount 
Wilson  during  the  year.  Dr.  A.  A.  Michelson  advanced  his  researches 
on  the  velocity  of  light  during  the  summer  months  of  1924  and  con- 
tributed notably  to  our  knowledge  of  this  fundamental  constant.  Dr. 
J.  H.  Jeans  spent  a  few  days  in  Pasadena  subsequent  to  the  Toronto 
meeting  of  the  British  Association  for  the  Advancement  of  Science  and  his 
advice  and  counsel  on  cosmological  problems  have  proved  of  great  value  to 
our  staff.  Dr.  Henry  Norris  Russell  passed  a  portion  of  the  spring  months 
at  the  Observatory  and  carried  on  important  researches  on  the  structure  of 
spectra,  especially  with  reference  to  the  intensities  of  lines  in  multiplets. 
As  in  other  years  his  wide  knowledge  of  atomic  physics  and  its  astronomical 
applications  has  had  an  important  influence  upon  the  work  of  several  of  the 
departments  of  the  Observatory. 

Dr.  S.  A.  Mitchell,  Director  of  the  Leander  McCormick  Observatory, 
Dr.  John  C.  Duncan,  Director  of  the  Whitin  Observatory,  and  Dr.  Henri 
L.  Vanderlinden,  of  the  Royal  Observatory  of  Belgium,  who  had  been  engaged 
in  special  work  at  the  Observatory,  left  Pasadena  at  the  close  of  the  summer 
of  1924.  Professor  Edna  Carter  of  Vassar  College  has  carried  on  researches 
in  the  physical  laboratory  during  the  year  on  the  spectra  of  some  of  the  alkali 
elements  in  the  vacuum  spark.  Dr.  S.  Rosseland,  Research  Fellow  of  the 
International  Education  Board,  has  spent  the  year  at  the  Observatory  and 
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has  been  carrying  on  investigations  on  the  theory  of  atomic  radiation  and 
absorption  and  its  astrophysical  applications. 

SUMMARY  OF  THE  YEAR'S  WORK. 

Observations  of  the  polarities  of  sun-spots  of  the  new  cycle  continued 
throughout  the  year  have  provided  ample  confirmation  of  the  reversal  of 
polarity  announced  by  Hale  last  year.  The  increase  in  the  number  of  spots 
has  furnished  much  new  material  for  the  study  not  only  of  polarities  but  also 
of  vortex  structure  around  spots.  As  a  result  of  his  investigations  Hale 
finds  that  the  observed  polarity  is  independent  of  the  direction  of  rotation 
of  the  vortex  as  indicated  by  the  structure  shown  on  the  spectroheliograms, 
and  concludes  that  the  evidence  points  to  a  hydrodynamical  rather  than  an 
electromagnetic  explanation  of  the  hydrogen  vortices  around  sun-spots.  In 
the  course  of  this  study  Hale  finds  that  about  75  per  cent  of  the  hydrogen 
vortices  associated  with  single  or  preceding  spots  in  the  two  hemispheres 
of  the  sun  correspond  in  direction  of  whirl  with  terrestrial  storms,  irrespective 
of  the  113-12  year  cycle  in  which  they  occur. 

Measurements  of  the  ultra-violet  radiation  of  the  sun  commenced  by  Pettit 
last  summer  are  being  continued  systematically  during  the  present  year. 
These  results  should  bear  an  important  relationship  to  the  solar  constant 
which  Abbot  finds  to  show  its  greatest  variations  in  the  ultra-violet. 

At  the  total  eclipse  of  January  1925,  Pettit  and  Nicholson  secured  measure- 
ments of  the  radiation  of  the  solar  corona  with  the  use  of  a  vacuum  thermo- 
couple and  photometric  apparatus.  These  yielded  absolute  values  of  the 
radiation  of  the  corona  in  terms  of  sunlight  and  showed  that  the  corona 
gives  more  blue  and  less  red  radiation  than  the  sun,  the  corona  being  redder 
near  the  limb  than  farther  away. 

The  measurements  by  St.  John  and  Babcock  of  the  wave-lengths  of  lines 
in  the  solar  spectrum  have  made  important  progress  during  the  year.  A 
total  of  about  2,500  lines  measured  on  the  international  system  is  now  avail- 
able, distributed  throughout  nearly  the  whole  of  the  region  covered  by 
Rowland's  table.  St.  John's  measures  of  over  400  lines  in  the  cyanogen 
fluting  show  displacements  of  almost  exactly  the  amount  predicted  from  the 
theory  of  relativity. 

Observations  have  been  continued  by  St.  John  on  the  rotation  of  the  sun. 
A  decrease  of  about  2  per  cent  in  the  linear  velocity  is  shown  by  the  results 
of  the  last  six  years  when  compared  with  those  of  the  preceding  five  years. 
This  change,  when  considered  in  the  light  of  the  results  of  previous  observers, 
suggests  the  possibility  of  a  variation  of  rotation  associated  with  the  reversal 
of  sun-spot  polarities. 

The  measures  of  planetary  radiation  by  Pettit  and  Nicholson  have  yielded 
values  of  the  temperatures  of  Mercury,  Venus,  and  Mars.  In  the  case  of 
Mars  the  temperature  of  the  south  polar  cap  is  found  to  be  55°  C.  below  that 
of  the  limb  in  the  equatorial  regions.  Drift  curves  taken  across  the  image  of 
Mars  indicate  an  atmosphere  which  can  absorb  but  very  little  planetary 
radiation.  This  conclusion  is  in  agreement  with  the  spectrographic  results 
of  Adams  and  St.  John  made  in  February.  These  showed  the  presence  of 
only  6  per  cent  as  much  water  vapor  and  16  per  cent  as  much  oxygen  in  the 
Martian  atmosphere  as  was  present  over  Mount  Wilson  at  the  time  of  ob- 
servation. 
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In  the  field  of  stellar  and  nebular  investigations  many  results  of  interest 
have  marked  the  work  of  the  year.  Hubble's  discovery  of  Cepheid  variables 
in  spiral  nebulae  and  his  determination  of  their  light  curves  have  enabled 
him  to  derive  distances  and  linear  dimensions  for  several  of  the  larger  spirals. 
The  Andromeda  Nebula  with  a  distance  of  about  900,000  light-years  and  a 
diameter  of  50,000  light-years  is  the  most  important  of  these.  Seares  has 
made  a  new  determination  of  the  distribution  of  stars  according  to  magnitude 
and  galactic  position  based  upon  the  completed  material  of  the  Selected 
Areas.  This  gives  a  total  of  890,000,000  stars  to  the  twenty-first  photo- 
graphic magnitude,  with  40  times  as  many  stars  in  the  Milky  Way  as  at  the 
galactic  poles.  A  new  discussion  of  the  number  and  distribution  of  the 
nebulae  has  also  been  completed  by  Seares  and  yields  a  total  of  210,000 
nebulae  to  photographic  magnitude  18.6  between  70°  N  and  70°  S,  with  about 
300,000  for  the  entire  sky. 

Stromberg  has  continued  his  studies  of  the  asymmetry  of  cosmical  velocities 
and  finds  a  definite  relationship  between  the  internal  dispersion  in  velocity 
for  each  class  of  stars  or  nebulae  and  a  common  axis  of  preferential  motion. 
This  asymmetry  of  motions  is  thus  seen  to  be  a  fundamental  property  of  all 
celestial  objects.  An  investigation  of  the  spectrum  of  the  "white  dwarf" 
companion  of  Sirius  by  Adams  has  resulted  in  a  close  confirmation  of  the 
displacement  of  the  lines  predicted  by  Eddington  on  the  theory  of  relativity 
and  would  appear  to  indicate  a  density  for  this  star  about  50,000  times  that 
of  water.  Successful  measurements  have  been  carried  out  by  Pease  with  the 
20-foot  interferometer  of  the  diameter  of  the  long-period  variable  star  o  Ceti 
and  yield  a  probable  diameter  at  maximum  of  light  of  about  430,000,000 
kilometers.  Measures  have  also  been  made  of  the  spectroscopic  binary  star 
Mizar  with  a  period  of  20  days,  thus  making  this  star  the  shortest  period 
visual  binary  so  far  observed. 

Further  stellar  investigations  have  included  parallax  and  proper  motion 
determinations  by  van  Maanen;  studies  of  the  colors  of  stars  as  related  to 
apparent  magnitude  and  galactic  latitude  by  Seares;  radiometric  observa- 
tions, principally  of  variable  stars,  by  Pettit  and  Nicholson;  an  investigation 
of  the  colors  of  Pseudo-Cepheids  by  Seares;  physical  studies  of  the  spectra  of 
bright-line  B-type  stars,  long  period  variables,  and  stars  with  peculiar  spectra 
by  Merrill;  a  detailed  research  on  the  spectrum  of  o  Ceti  and  its  companion 
by  Joy;  measurements  of  radial  velocity  and  determinations  of  absolute 
magnitude  for  a  large  number  of  stars,  especially  of  the  dwarf  class  by  Adams, 
Joy,  Sanford,  and  Humason;  and  a  further  examination  of  the  spectra  of 
irregular  and  spiral  nebulae  with  an  objective  prism  by  Hubble. 

In  the  physical  laboratory  the  use  of  the  high-current  arc  by  King  has 
resulted  in  the  production  of  spectra  showing  notable  characteristics  inter- 
mediate between  those  of  the  furnace  and  the  spark,  and  provides  a  valuable 
means  of  classifying  and  grouping  lines  beyond  the  reach  of  the  furnace. 
Anderson  has  been  able  by  using  the  large  condenser  and  variable  inductance 
to  obtain  spectra  which,  with  a  current  of  1,000  amperes,  resemble  those  of 
the  high-current  arc,  but  with  higher  currents  change  radically.  Nearly  all 
the  bright  iron  lines,  with  the  exception  of  the  less  refrangible  spark  lines, 
are  reversed  upon  a  strong  background  of  continuous  spectrum.  These 
investigations  have  developed  the  means  of  obtaining  a  series  of  steadily 
increasing  excitations,  subject  to  the  control  of  the  observer,  which  range 
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from  the  lowest  temperatures  in  the  furnace  to  those  produced  by  currents 
of  several  thousands  of  amperes.  An  important  consequence  is  the  op- 
portunity afforded  of  making  quantitative  studies  of  the  continuous  spectrum 
and  the  possibility  that  such  studies  may  suggest  a  rational  explanation  of 
the  origin  of  continuous  spectra. 

A  method  has  been  devised  by  Anderson  for  photographing  a  spark  or 
exploding  wire  with  an  exposure  which  is  very  short  as  compared  with  the 
duration  of  the  phenomenon  itself.  The  principle  used  is  the  magnetic  rota- 
tion of  the  plane  of  polarization,  a  small  water  cell  surrounded  by  a  few  coils 
of  wire  being  placed  between  two  Nicol  prisms  with  planes  set  at  90°  to  one 
another.  Exposures  of  a  few  millionths  of  a  second  have  been  obtained  by 
this  means  and  the  method  is  proving  most  successful  in  the  study  of  the 
successive  phases  of  spark  and  wire  explosions. 

Babcock  has  continued  his  measurements  of  the  wave-lengths  of  iron  lines 
in  the  laboratory  with  the  interferometer,  giving  especial  attention  to  the 
slight  systematic  differences  found  among  different  observers.  His  applica- 
tion of  the  interferometer  to  the  study  of  the  displacements  of  iron  lines 
under  small  changes  of  pressure  has  yielded  interesting  results  which  confirm 
in  general  the  Mount  Wilson  classification  into  groups,  and  show  a  proportion- 
ality between  displacement  and  pressure  between  0  and  1  atmosphere.  Due 
probably  to  the  elimination  of  the  pole  effect,  however,  the  absolute  values 
of  the  displacements  are  only  about  half  as  great  as  those  found  by  other 
observers. 

Other  investigations  in  the  laboratory  have  included  studies  of  the  spectra 
of  the  alkali  metals  in  the  vacuum  spark  by  Miss  Carter;  the  furnace  classifica- 
tion of  the  lines  of  yttrium,  lanthanum,  and  zirconium  by  King;  and  inter- 
ferometer measurements  of  solar  lines  by  Babcock. 

Measurements  of  the  velocity  of  light  were  secured  by  Dr.  A.  A.  Michel- 
son,  Research  Associate  of  the  Observatory,  in  August  1924  between  the 
Mount  Wilson  and  San  Antonio  stations.  The  investigation  will  be  con- 
tinued during  the  summer  of  1925  with  certain  improvements  in  the 
apparatus,  which  should  still  further  increase  the  accuracy. 

OBSERVING   CONDITIONS. 

The  observing  conditions  for  the  year  July  1,  1924,  to  June  30,  1925,  were 
slightly  below  the  average  of  those  for  the  past  13  years,  due  mainly  to  the 
abnormally  cloudy  months  of  December  and  June.  The  total  precipitation 
for  the  year  was  21.83  inches,  about  12  inches  below  the  average  value  since 
the  establishment  of  the  Observatory.  The  total  snowfall  was  33  inches, 
which  is  also  much  below  the  average.  The  highest  temperature  recorded 
was  100°  on  August  27;  the  lowest,  15°  on  December  18.  There  were  no 
severe  wind  or  rain  storms  during  the  year,  but  the  extensive  forest  fires  of 
September,  which  reached  nearly  to  the  base  of  Mount  Wilson,  produced 
smoke  which  interfered  seriously  with  observations  on  several  nights.  In 
addition  to  the  regular  weather  records  maintained  throughout  the  year  and 
incorporated  in  the  daily  reports  of  the  United  States  Weather  Bureau,  the 
Observatory  is  cooperating  with  the  United  States  Forest  Service  in  supply- 
ing special  data  on  relative  humidity  and  wind  velocity  during  the  summer 
months  to  aid  in  protection  against  forest  fires. 
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The  following  table  gives  the  record  of  observations  made  with  the  60- 
inch  reflector. 


Month. 

Hours  of 
darkness. 

Hours  of 
observation. 

No 

observations. 

Nights  of  observation. 

All  night. 

Part  of  night. 

None. 

1924 
July 

255 
269 
295 
336 
330 
346 

346 

308 
324 
286 
266 
230 

231 
247 
254 
202 
140 
70 

198 
102 
139 
128 
160 
155 

24 

22 

41 

134 

190 

276 

148 
206 
185 
158 
106 
75 

26 
28 
25 
20 
11 
3 

15 
7 
10 
10 
14 
18 

5 
3 
5 
6 
15 
13 

10 
10 
10 
11 
10 
6 

0 
0 
0 
6 
4 
15 

6 
11 
11 

9 

7 
6 

1925 
March 

May 

Mean  13  years.. 

3591 

2026 
2245 

1565 
1346 

187 
189 

104 
94 

74 

82 

The  use  of  the  60-inch  reflector  for  observations  by  the  public  on  every 
Friday  evening  has  been  continued  throughout  the  year  and  nearly  3,700 
persons  have  visited  the  Observatory  on  these  occasions.  On  the  night  of 
August  22  more  than  800  observed  the  planet  Mars.  A  large  number  of 
students  from  science  classes  in  high  schools  and  colleges  of  Southern  Cali- 
fornia have  visited  Mount  Wilson  on  Friday  evenings,  and  by  special  arrange- 
ment at  other  times. 

SOLAR  RESEARCH. 

Sun-spot  activity  has  continued  to  increase  during  the  year,  the  number 
of  spots  being  greater  and  the  average  size  of  the  groups  larger  than  in  the 
two  previous  years.  The  magnetic  polarities  of  all  spots  have  been  carefully 
observed  as  the  new  cycle  has  developed.  With  the  increasing  number  of 
large  spots  the  detailed  study  of  their  spectra  becomes  possible,  and  this 
phase  of  solar  research  will  occupy  a  large  place  in  the  observing  program 
for  the  next  few  years. 

SOLAR   PHOTOGRAPHY. 

Direct  photography  of  the  sun  and  observations  with  the  spectroheliograph 
have  been  continued  regularly  with  the  60-foot  tower  telescope  by  Ellerman, 
Nicholson,  Pettit,  and  L.  H.  Humason.  During  the  twelve  months  from 
July  1,  1924,  to  June  30,  1925  the  following  photographs  have  been  obtained: 

Photoheliograms  of  the  6.5-inch  image,  594  on  295  days. 

Spectroheliograms  of  the  6.5-inch  image,  with  the  5-foot  spectroheliograph  in  Ha 

light,  39  on  39  days. 
Spectroheliograms  with  the  13-foot  spectroheliograph  in  K  and  Ha  light  of  the  2-inch 

image,  of  prominences  and  of  portions  of  the  6.5-inch  image,  1,029  on  289  days. 
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In  accordance  with  the  plans  of  the  International  Astronomical  Union 
for  cooperative  investigation,  reports  have  been  made  monthly  to  the  Director 
of  the  Kodaikanal  Observatory  of  the  days  on  which  spectroheliograms  of 
prominences  and  of  the  sun's  surface  have  been  obtained.  An  extra  exposure 
has  been  added  to  the  program  so  that  original  negatives  may  be  sent  to 
Kodaikanal  to  complete  the  records  there. 

SUN-SPOT  ACTIVITY. 

Eighty-seven  spot  groups  were  observed  at  Mount  Wilson  during  the 
calendar  year  1924,  a  marked  increase  over  the  37  groups  of  1923.  Of  this 
number  63  were  north  and  24  south  of  the  solar  equator.  This  greater 
activity  in  the  northern  hemisphere  at  the  beginning  of  a  new  cj^cle  is  a 
characteristic  of  sun-spot  activity  which  has  been  noted  for  several  cycles. 

During  the  year  1924  only  4  spot  groups  were  observed  which  certainly 
belonged  to  the  old  cycle,  having  a  mean  latitude  of  9? 7  in  the  northern 
hemisphere  and  4?0  in  the  southern  hemisphere.  The  mean  latitude  of  the 
spot  groups  of  the  new  cycle  was  22?  6  in  the  northern  and  25?  7  in  the  southern 
hemisphere. 

There  were  only  93  days  on  which  no  spots  were  seen  as  compared  with  170 
days  during  the  year  1923.  Solar  observations  were  made  on  336  days  during 
1924.  The  average  number  of  groups  observed  daily  in  each  month  was 
as  follows: 


Month. 

Daily  number. 

Month. 

Daily  number. 

1923 

1924 

1923 

1924 

January 

March 

0.4 
0.1 
0.3 
0.6 
0.4 
0.8 
0.4 

0.0 
0.4 
0.4 
0.6 
1.8 
1.7 
2.5 

August 

0.3 
1.2 
1.2 
0.9 
0.4 

1.9 
2.0 
2.0 
1.6 
1.3 

September 

October 

April 

November 

Yearly  average . . 

May 

July 

0.6 

1.4 

While  it  is  difficult  to  fix  the  exact  time  of  minimum  activity,  it  occurred 
some  time  during  1923,  probably  about  the  middle  of  the  year.  A  minimum 
was  reached  during  February  and  March  1923,  followed  by  a  gradual  increase 
until  October,  when  a  sudden  decrease  took  place,  with  a  second  minimum 
during  January  and  February  1924.  Since  February  the  increase  in  activity 
has  been  very  pronounced. 

SUN-SPOT   POLARITIES. 

The  daily  determination  of  the  polarities  and  intensities  of  the  magnetic 
fields  of  each  sun-spot  group  has  been  continued  regularly  by  the  solar 
observers.  The  following  table  summarizes  the  results  of  the  observations 
of  polarities.  In  this  table  "  old  "  refers  to  the  groups  in  low  latitudes  belong- 
ing to  the  old  cycle  and  "new"  refers  to  groups  of  the  new  cycle  which  are 
in  zones  of  higher  latitude.  In  the  present,  or  "new,"  cycle  the  polarities  of 
preceding  spots  in  the  northern  hemisphere  are  tabulated  as  regular  if  they 
are  S  (south-seeking)  or  negative,  while  groups  in  the  southern  hemisphere 
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are  regular  if  they  have  opposite  polarities,  that  is,  N  for  the  preceding  and  S 
for  the  following  members : 


Hemisphere. 

Polarity. 

Regular. 

Irregular. 

Old. 

New. 

Old. 

New. 

North 

3 
0 
3 

51 

18 
69 

3 
0 
3 

1 
0 
1 

South 

Whole  Sun 

As  was  pointed  out  in  detail  in  the  last  Annual  Report,  the  distribution  of 
polarities  is  now  exactly  opposite  to  that  which  prevailed  during  the  last 
cycle,  but  like  that  of  the  cycle  which  ended  in  1913.  The  daily  observations 
of  all  spots  has  shown  that  the  reversal  of  polarity,  like  the  advent  of  a  new 
cycle,  is  a  sudden  phenomenon,  beginning  in  high  latitudes  before  the  spots 
of  the  old  cycle  have  completely  disappeared. 

A  summary  of  the  magnetic  observations  of  sun-spots,  including  the  classi- 
fication of  all  spot  groups  according  to  their  magnetic  fields,  has  been  pre- 
pared by  Nicholson  and  printed  every  two  months  in  the  Publications  of  the 
Astronomical  Society  of  the  Pacific.  From  1915  to  1924  inclusive,  over  2,000 
spot  groups  have  been  classified.  Of  these  38  per  cent  were  unipolar,  61 
per  cent  bipolar,  and  1  per  cent  complex. 

Hale  and  Nicholson  have  completed  for  the  Contributions  a  paper  on 
The  Law  of  Sun-spot  Polarity,  including  a  revised  scheme  of  magnetic  classi- 
fication of  sun-spots  and  a  series  of  tables  giving  the  classification  on  this 
plan  of  2,174  spot  groups,  the  percentage  and  frequency  of  the  groups  of 
each  class,  and  the  magnetic  characteristics  of  groups  at  the  time  of  forma- 
tion. From  a  discussion  of  this  material  the  law  of  sun-spot  polarity,  repre- 
senting all  of  the  observations  with  only  41  exceptions  out  of  1,735  groups, 
is  derived.  The  paper  also  contains  an  illustrated  description  of  a  number  of 
spot  groups,  to  render  clear  the  method  of  classification  and  to  show  that 
any  rational  scheme  of  grouping  spots  must  involve  a  knowledge  of  their 
polarities. 

The  preparation  for  publication  of  the  daily  drawings  of  sun-spot  polarities 
and  field-strengths  made  with  the  150-foot  tower  telescope  from  1917  to 
date  has  been  continued  during  the  year  by  Hale  and  Nicholson.  Wax 
engravings  are  made  of  each  day's  observations  from  which  cuts  are  prepared 
by  an  electroplating  process.  Three  hundred  of  these  cuts  are  ready  for 
the  printer. 

TEST  OF  THE  ELECTROMAGNETIC  THEORY  OF  THE  HYDROGEN  VORTICES 

ABOVE  SUN-SPOTS. 
Hale  has  continued  his  studies  of  the  fields  of  force  shown  by  Ha  spectro- 
heliograms  in  the  solar  atmosphere  above  sun-spots.  These  have  been  re- 
garded (1)  as  true  hydrodynamical  vortices  or  (2)  as  electromagnetic  phe- 
nomena, in  which  moving  charged  particles  are  caused  by  the  magnetic  fields 
of  sun-spots  to  follow  their  lines  of  force. 
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Hale  has  found,  from  an  examination  of  a  large  number  of  the  best  Ha 
vortices  photographed  on  Mount  Wilson  between  1908  and  1925,  that  there 
is  no  relationship  between  polarity  and  direction  of  whirl.  This  is  apparent 
from  the  following  table,  showing  the  number  of  clockwise  and  counter- 
clockwise whirls  associated  with  spots  of  north  and  south  polarity: 

Unipolar  spots. 


Northern  hemisphere. 

Southern  hemisphere. 

No.  of  spots. 

Polarity. 

Whirl. 

No.  of  spots. 

Polarity. 

Whirl. 

First  Cycle 
Second  Cycle. . . 

Third  Cycle 

3 

8 

3 

4 

S 

N 

N 
S 

Counter- 
clockwise 
Counter- 
clockwise 
Clockwise 
Counter- 
clockwise 

4 
6 

N 
S 

Clockwise 
Clockwise 

Bipolar  spots. 

Northern  hemisphere. 

Southern  hemisphere. 

No.  of  spots. 

Polarity. 

Whirl. 

No.  of  spots. 

Polarity. 

Whirl. 

Second  Cycle . . . 
Third  Cycle 

8 

2 
3 

1 

Prec.  spot. 

N 

N 
S 

S 

Prec.  spot. 
Counter- 
clockwise 
Clockwise 
Counter- 
clockwise 
Clockwise 

6 
3 

Prec.  spot. 

S 
S 

Prec.  spot. 

Clockwise 
Counter- 
clockwise 

The  results  show  that  there  was  no  general  reversal  of  the  direction  of  the 
whirls  after  two  successive  sun-spot  minima,  in  spite  of  the  general  reversal 
of  the  magnetic  polarity  of  spots  observed  at  these  times.  As  Hale  has 
shown  in  a  paper  presented  to  the  National  Academy  of  Sciences,  the 
evidence  seems  to  be  unfavorable  to  the  electromagnetic  explanation  of  the 
hydrogen  vortices  in  the  solar  atmosphere. 

By  grouping  separately  the  results  for  the  northern  and  southern  hemi- 
spheres, it  is  found  that  about  three  quarters  of  the  hydrogen  vortices  asso- 
ciated with  single  or  preceding  spots,  irrespective  of  the  11^  year  cycle  in 
which  they  occur,  correspond  in  direction  of  whirl  with  terrestrial  storms. 
This  agreement  suggests  that  the  hydrogen  vortices  are  true  hydrodynamical 
phenomena,  and  that  their  direction  of  whirl  is  generally  determined,  not  by 
the  polarity  or  direction  of  whirl  of  the  sun-spot  vortices  below  them,  but  by 
the  eastward  and  westward  deflection,  resulting  from  the  solar  rotation,  of  cur- 
rents flowing  northward  and  southward  toward  centers  of  attraction  above 
sun-spots.  The  exceptions  may  be  due  to  the  following  causes,  acting  singly 
or  in  conjunction: 

(1)  The  very  small  drift  resulting  from  the  slow  change  with  latitude  of 
the  linear  velocity  of  the  atmosphere  caused  by  the  sun's  rotation. 
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(2)  The  turbulence  of  the  solar  atmosphere,  especially  near  active  spots, 
which  may  prevent  the  formation  of  an  induced  vortex,  mask  its  structure, 
or  determine  its  direction  of  whirl. 

(3)  The  fact  that  about  three-quarters  of  all  spot  groups  first  appear  as 
unipolar  spots  or  as  bipolar  groups  in  which  the  preceding  member  is  larger 
than  the  following  member.  When  the  following  spot  is  the  larger  at  the 
time  of  formation,  the  direction  of  whirl  of  the  hydrogen  vortex  induced  above 
it,  on  the  present  hypothesis,  should  generally  follow  the  terrestrial  law.  In 
/S  groups,  where  both  spots  are  equal  at  birth,  each  spot  has  an  equal  chance 
of  starting  a  whirl  conforming  to  the  terrestrial  law,  and  local  conditions  may 
determine  the  outcome. 

The  results  of  Hale's  investigations,  which  include  a  general  study  of  the 
forms  and  motions  of  the  flocculi,  thus  point  to  a  hydrodynamical  explana- 
tion of  the  hydrogen  vortices.  Nevertheless  he  is  reserving  judgment  and 
will  give  further  consideration  to  the  possible  effects  of  electromagnetic  and 
other  influences. 

VORTEX  EXPERIMENTS. 

To  aid  in  the  interpretation  of  solar  vortices  Hale  has  continued  and 
extended  the  series  of  vortex  experiments  made  several  years  ago.  For  this 
purpose  two  tanks  of  different  sizes  with  glass  walls  and  tops  have  been  con- 
structed for  the  Solar  Laboratory  and  provided  with  vertical  paddles  of  various 
types  driven  by  electric  motors  of  variable  speed.  The  level  of  the  liquid 
(usually  water)  in  the  tanks  can  be  varied  at  will  and  lighter  liquids  can  be 
used  above  the  water,  or  smoke  can  be  introduced  through  tubes  in  the  covers. 
The  stream  lines  and  motions  at  various  horizontal  and  vertical  cross-sections 
can  be  observed  or  photographed  by  illuminating  the  medium  with  sunlight 
through  a  slit  in  a  movable  screen. 

With  this  apparatus  it  is  possible  to  imitate  many  of  the  vortex  phenomena 
associated  with  unipolar  and  bipolar  sun-spots,  and  to  illustrate  the  change  of 
structure  with  level,  as  well  as  the  possible  independence  of  the  direction  of 
whirl  in  two  superposed  vortices.  In  some  experiments  the  vortex  is  induced 
in  the  upper  fluid,  not  by  a  paddle,  but  by  an  outward  radial  flow  through  a 
narrow  annular  orifice  at  the  surface  of  the  lower  liquid,  simulating  the  out- 
ward radial  flow  indicated  by  the  Evershed  effect  in  the  lower  solar  atmosphere 
above  sun-spots.  In  this  case,  as  in  the  various  types  of  induced  vortices 
generated  by  rotating  paddles,  the  flow  at  the  higher  levels  in  the  upper 
fluid  is  inward  and  downward,  corresponding  with  the  motions  observed  in 
the  solar  atmosphere. 

GENERAL   MAGNETIC   FIELD   OF   THE   SUN. 

Preliminary  measures  of  the  sign  of  the  general  magnetic  field  of  the  sun 
made  by  van  Maanen  on  plates  taken  by  Ellerman  show  that  the  general 
magnetic  field  has  the  same  sign  that  it  has  had  since  the  first  measures  were 
made.  During  this  time  the  magnetic  polarities  of  sun-spots  have  reversed 
twice.  In  connection  with  this  work,  as  well  as  that  on  sun-spot  polarities, 
Ellerman  has  made  and  tested  a  considerable  number  of  compound  quarter- 
wave  plates  for  wave-lengths  ranging  from  X4200  to  X7400.  Two  of  these 
designed  for  work  on  the  general  magnetic  field  contain  55  strips,  each  2 
by  12  mm.  in  size. 
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SPECTRUM   OF   THE    CHROMOSPHERE   AND   SUN'S   EDGE. 

A  number  of  photographs  of  the  extreme  edge  of  the  sun  have  been  made 
by  Ellerman  with  the  150-foot  tower  telescope  in  the  green,  yellow,  and  red 
portions  of  the  spectrum.  In  addition  to  showing  many  of  the  bright  chro- 
mospheric  lines,  these  spectrograms  provide  the  material  for  a  study  of  the 
changes  of  intensity  of  the  absorption  lines  under  extreme  conditions.  A 
marked  feature  is  the  corresponding  behavior  of  lines  belonging  to  the  same 
multiplets  in  the  spectra  of  the  different  elements. 

ROTATION   OF   THE    SUN. 

Observations  of  the  solar  rotation  have  been  continued  by  St.  John  with 
the  assistance  of  Miss  Ware.  The  results  of  the  past  11  years  for  the  equa- 
torial linear  velocity  are  as  follows: 

1914  1915  1916  1917  1918  1919  1920  1921  1922  1923  1924 
km/sec.  1.92  1.96  1.91  1.94  1.95  1.90  1.90  1.91  1.91  1.89  1.91 

The  mean  for  the  first  5  years  is  1.936  km/sec,  and  that  for  the  last  6  years 
1.903  km/sec.  The  decrease  of  1.7  per  cent  is  small,  but  in  view  of  the 
constancy  during  the  last  6  years  it  appears  to  have  a  basis  of  reality.  The 
probability  is  further  increased  by  comparison  with  previous  results  obtained 
by  observers  using  the  same  procedure: 

Adams  and  Lasby 1906.5-1908.5  2.06  km. 

Ottawa  and  Pittsburgh 1911.5-1913.5  2.00  km. 

St.  John  and  Ware 1914    -1918  1.94  km. 

St.  John  and  Ware 1919     -1924  1.90  km. 

The  years  1906.5-1908.5  were  in  the  midst  of  a  spot  maximum  during 
which  the  polarity  of  the  preceding  spot  was  positive  in  the  northern  and 
negative  in  the  southern  hemisphere.  The  Ottawa  and  Pittsburgh  observa- 
tions covered  the  time  near  maximum  during  which  the  reversal  of  polarity 
occurred,  while  the  later  Mount  Wilson  observations  were  made  during  the 
succeeding  cycle  after  complete  reversal.  If  reversal  of  polarity  means  a 
reversal  of  the  direction  of  the  whirl  in  the  spot  vortex,  and  if  the  direction 
of  the  drift  of  the  solar  atmosphere  in  the  equatorial  belt  is  associated  with 
the  direction  of  the  whirl,  we  have  a  possible  means  of  determining  the  direc- 
tion of  the  vortex  whirl.  The  elucidation  of  the  question  requires  observa- 
tions of  the  solar  rotation  under  constant  observing  conditions  over  a  still 
longer  period,  perhaps  over  the  full  22-year  cycle. 

WAVE-LENGTHS   OF   SOLAR   SPECTRUM   LINES. 

A  list  of  the  wave-lengths  of  about  2,500  solar  lines,  measured  by  St.  John, 
Babcock,  and  other  observers,  and  referred  to  the  standards  adopted  by  the 
International  Astronomical  Union  in  1922,  has  been  compiled  by  St.  John. 
This  material  has  been  used  to  construct  a  "reduction  curve"  by  means  of 
which  a  preliminary  revision  of  Rowland's  Table  of  Solar  Spectrum  Wave- 
lengths may  be  made  and  the  results  placed  as  a  working  list  in  the  hands  of 
spectroscopists.  The  curve  has  been  drawn  on  a  scale  of  1.25  mm.  per 
angstrom  and  has  been  completed  between  X2975  and  X6875.  St.  John  has 
also  prepared  a  list  of  300  standard  solar  lines  between  X3700  and  X6800  for 
distribution  among  observers  engaged  in  wave-length  measurements. 
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Owing  to  difficulties  in  the  use  of  the  auxiliary  spectrograph  of  the  Snow 
telescope  for  the  ultra-violet  region,  Babcock  has  transferred  his  interfero- 
meter measurements  of  solar  lines  to  the  Pasadena  laboratory.  The  inter- 
ference apparatus  is  that  regularly  used  for  the  study  of  lines  from  laboratory 
sources  and  sunlight  is  provided  by  a  new  ccelostat  mounted  on  the  roof  of 
the  laboratory.  Integrated  sunlight,  instead  of  a  solar  image,  is  employed 
and  a  study  is  now  being  made  of  the  difference  in  wave-length  to  be  expected 
between  these  two  sources.  While  practically  negligible  for  violet  light,  it 
may  be  expected  to  be  appreciable  for  longer  wave-lengths. 

THE    CYANOGEN   LINES  AND    THE   RELATIVITY   DISPLACEMENT. 

The  solar  wave-lengths  on  the  International  System  of  431  lines  in  the 
cyanogen  band  between  X3729  and  X3883,  determined  by  St.  John  partly 
by  direct  measurement  and  partly  by  application  of  corrections  to  Rowland's 
wave-lengths,  have  been  made  the  basis  of  an  investigation  of  the  sun-minus- 
arc  displacements  of  these  lines.  Since  King  has  shown  that  the  relative 
intensities  of  the  lines  in  the  cyanogen  band  vary  with  temperature,  the 
advice  of  Dr.  Birge  was  asked  regarding  series  relationships  and  the  selection 
of  lines  suitable  for  measurement.  For  this  purpose  a  high-dispersion  spectro- 
gram of  the  sun  and  carbon  arc  was  sent  to  him  for  examination,  upon  which 
he  selected  184  lines.  The  solar  wave-lengths  of  all  of  these  lines  were  then 
compared  with  the  arc  wave-lengths  determined  by  Uhler  and  Patterson. 
The  results  for  these  groups  and  for  215  lines  measured  in  the  more  open 
portion  of  the  band  are  summarized  below.  For  reduction  from  the  center 
to  the  limb  the  mean  of  the  values  +0.003  A  found  by  Adams,  and  +0.002  A 
found  by  St.  John  is  used. 


No. 
of  lines. 

At  center. 

At  limb. 

Calculated 

relativity 

displacement. 

431 

184 
215 

No  selection. 
Selected  by  Birge. 
In  open  portion. 

+0.0052  A 

+0.0050 

+0.0055 

+0.0077  A 

+0.0075 

+0.0080 

+0.008  A 

The  results  for  the  limb  are  free  from  radial  motion  and  are  corrected  for 
the  solar  rotation.  Accidental  effects  due  to  irregular  tangential  movements 
in  the  solar  atmosphere  should  be  practically  eliminated  by  the  large  number 
of  observations  distributed  widely  in  time  upon  which  the  data  depend.  In 
view  of  the  close  agreement  of  these  results  with  those  predicted  from  the 
theory  of  relativity  and  the  absence  of  any  other  adequate  explanation, 
their  interpretation  as  gravitational  displacements  seems  to  be  substantiated. 


ULTRA-VIOLET   RADIATION    OP   THE    SUN. 

Measurements  of  the  solar  radiation  in  the  regions  3150  A  and  4950  A, 
transmitted  by  silver  and  gold  films,  respectively,  have  been  made  by  Pettit 
with  the  vacuum  thermocouple  at  intervals  throughout  the  year.  The 
apparatus  is  arranged  so  that  it  registers  the  deflections  of  the  galvanometer 
automatically  each  minute  during  the  day.  A  standard  lamp  has  been 
added  to  the  instrument  so  that  the  absolute  values  of  the  radiation  trans- 
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mitted  by  the  screens,  as  well  as  their  ratio,  can  be  determined.  The  value 
of  the  ratio  of  the  solar  radiation  transmitted  by  the  two  screens  has  been 
observed  on  60  days.  A  total  range  of  more  than  100  per  cent  has  been 
observed  in  the  ratio  extrapolated  to  outside  the  atmosphere,  together  with 
a  general  increase  since  May  28,  1924.  It  is  expected  that  the  apparatus 
will  be  in  daily  use  during  the  coming  year.  Miss  Richmond  has  measured 
and  reduced  the  plates  taken  with  this  instrument. 

THE    RADIATION    OF   THE    CORONA. 

Measurements  were  made  by  Pettit  and  Nicholson  of  the  radiation  from 
the  corona  during  the  eclipse  of  January  24,  1925,  at  Middletown,  Con- 
necticut. The  apparatus  was  set  up  in  the  Scott  Physical  Laboratory  of 
Wesleyan  University  through  the  invitation  of  Dr.  W.  G.  Cady. 

The  radiometric  equipment  consisted  of  a  20-inch  reflecting  telescope  of 
40  inches  focal  length,  mounted  equatorially,  the  mirror  having  been  loaned 
by  Dr.  Abbot  of  the  Smithsonian -Institution.  At  the  focus  of  this  instrument 
was  placed  a  vacuum  thermocouple  attached  to  a  d'Arsonval  galvanometer  of 
1  second  period,  the  deflections  being  registered  photographically.  The 
intensity  of  the  coronal  radiation  and  its  transmission  through  a  water-cell 
and  thin  glass  plate  were  measured  with  the  following  results:  (1)  the 
intensity  of  the  coronal  radiation  at  two  points  4' 6  from  the  east  and  west 
limbs  of  the  moon  was  5.4 X 10-7  sunlight;  (2)  the  corona  emits  more  radiation 
to  the  violet  of  1.3^  than  does  the  sun;  and  (3)  there  is  no  appreciable  radia- 
tion of  wave-length  greater  than  5.5/x. 

The  photometric  equipment  consisted  of  a  6-inch  Ross  doublet  of  15 
feet  focal  length  supplied  with  light  from  a  6-inch  pyrex-mirror  ccelostat. 
Two  exposures  were  made  on  Seed  30  plates  without  filter,  and  one  exposure 
on  an  Ilford  Special  Rapid  Panchromatic  plate  with  red  filter,  each  plate 
being  provided  with  standard  photometric  squares.  These  plates  were 
placed  on  a  turntable  which  rotated  them  beneath  the  microscope  of  the 
registering  microphotometer,  producing  transmission  curves  in  contiguous 
zones  beginning  at  the  limb  of  the  moon.  From  these  data  it  was  found: 
(1)  that  the  mean  intensity  in  blue  light  of  X4500  varies  inversely  with  the 
sixth  power  of  the  distance  from  the  center  of  the  sun;  (2)  that  the  ratio  of 
blue  to  red  light  of  X6300  varies  directly  with  the  distance  from  the  center  of 
the  sun,  the  corona  being  redder  near  the  sun  than  it  is  for  points  farther 
away;  and  (3)  that  the  intensity  of  the  corona  in  the  equatorial  region  is  more 
than  twice  that  near  the  pole. 

The  combination  of  the  radiometric  and  photometric  measures  gives  the 
following  results:  (1)  The  light  from  the  corona  at  this  eclipse  was  10.1  X 
10~7  sunlight  or  0.47  full  moonlight,  all  plates  taken  giving  essentially  the 
same  result.  (2)  When  correction  was  made  for  the  area  covered  by  the 
moon,  radiation  from  the  whole  corona  was  found  to  be  0.52  full  moonlight, 
or  21.4  X10-7  cal.  cm.-2  min.-1  outside  the  earth's  atmosphere  at  mean  dis- 
tance. (3)  The  correction  factor  for  the  overlapping  moon  varies  as  the 
fourth  power  of  the  apparent  radius  of  the  moon.  (4)  When  compared  with 
photometric  cell  measurements  there  appears  to  be  a  small  variation  in  the 
coronal  light  in  harmony  with  the  variations  of  the  solar  constant  but  of 
greater  amplitude.  (5)  The  scattered  light  usually  found  about  an  image  of 
the  sun  formed  by  optical  instruments  appears  to  be  more  than  100  times 
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greater  than  the  maximum  allowable  for  the  detection  of  the  corona  without 
an  eclipse  by  radiation  methods. 

RESEARCHES  ON  THE  PLANETS. 
VISUAL   AND    PHOTOGRAPHIC   OBSERVATIONS   OF  MARS. 

Visual  observations  of  Mars  were  made  by  Pease  near  the  time  of  opposi- 
tion in  August  1924,  although  the  southern  declination  of  the  planet  was 
unfavorable  to  the  best  conditions.  The  straight  line  "canal"  systems 
visible  with  fair  seeing  were  resolved  in  moments  of  the  best  seeing  into 
irregular  wandering  lines  much  like  river  courses  on  the  earth.  The  promi- 
nent feature  in  the  Solis  Lacus  region,  usually  shown  as  a  dark  bar  pro- 
jecting from  the  preceding  side  of  Thaumasea,  was  resolved  into  three  of  the 
balloon  shaped  markings  or  sinuses  so  characteristic  of  Martian  detail. 
This  region,  as  well  as  some  others,  showed  an  irregular  pattern  of  mottling 
in  light  and  shade. 

Photographs  of  Mars  were  made  by  Hubble,  Pease,  and  van  Maanen 
with  color  screens  of  various  sorts.  Those  made  through  a  red  color  filter 
show  very  well  the  markings  usually  seen  visually.  Photographs  through  an 
ultra-violet  filter,  however,  show  extremely  little  detail,  a  result  similar  to 
that  found  by  Professor  Wright  at  the  Lick  Observatory. 

RADIOMETRIC   OBSERVATIONS   OP   PLANETS. 

During  the  year  146  sets  of  measurements  have  been  made  by  Pettit  and 
Nicholson  upon  the  radiation  from  planets.  These  consist  in  a  determination 
of  the  entire  radiation  received  from  the  planet,  together  with  the  portions 
transmitted,  respectively,  by  a  water-cell,  a  thin  sheet  of  glass,  and  a  fluorite 
plate.  When  combined  with  the  transmission  of  the  atmosphere,  these 
measurements  give  the  amount  of  energy  emitted  in  the  regions  0.3  — 1.3m, 
1.3  — 5.5m,  8  — 11m,  and  11  — 14m-  In  all  measurements  of  planetary  radiation 
the  uncertainty  of  the  amount  of  the  precipitable  water  along  the  light-path 
computed  from  psychrometric  data  can  only  be  removed  by  the  statistical 
method,  and  for  this  reason  the  planetary  observations  will  be  continued 
over  a  considerable  period. 

Mercukt. 

Measurements  of  the  radiation  from  Mercury  have  been  made  on  22  days, 
beginning  June  17,  1923.  An  analysis  of  these  observations  shows  that  the 
radiometric  magnitude  of  the  planet  at  phase  angle  90°  and  mean  distance 
from  the  sun  is  —3.0  for  average  atmospheric  conditions.  At  this  time  the 
total  planetary  radiation  is  about  90  per  cent  of  the  whole. 

The  temperature  corresponding  to  the  mean  radiation  over  the  visible 
surface  of  the  planet  has  been  computed  from  the  ratios  of  the  energy  in 
the  bands  1.3  —  5.5m,  8  —  1  1m,  and  1 1  —  14m.  These  methods  agree  in  assigning 
a  temperature  of  about  670°  absolute  to  the  mean  radiation  from  the  planet 
at  full  phase,  from  which  it  can  be  computed  that  the  temperature  of  the  sub- 
solar  point  on  the  planet  at  mean  distance  from  the  sun  is  710°  absolute,  or 
about  the  melting  point  of  zinc.  Attempts  to  measure  the  radiation  from 
the  dark  side  of  the  planet  show  that  this  radiation  is  small  if  it  exists  at  all, 
and  hence  that  the  radiation  of  internal  heat  must  be  negligible. 
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Venus. 

The  radiation  from  Venus  has  been  measured  at  a  number  of  phase-angles 
between  inferior  and  superior  conjunction.  The  bright  side  of  the  planet 
emits  about  8  per  cent  of  planetary  radiation. 

The  measurements  on  radiation  from  the  dark  hemisphere  of  the  planet 
have  been  made  both  before  and  after  inferior  conjunction.     They    show: 

(1)  that  the  radiometric  magnitude  of  the  dark  side  of  Venus  at  inferior 
conjunction  is  —4.8,  which  is  0.8  of  a  magnitude  brighter  than  the  radio- 
metric magnitude  of  the  bright  side  of  the  planet  at  superior  conjunction; 

(2)  that  the  amount  of  planetary  radiation  emitted  from  the  dark  and  bright 
hemispheres  is  nearly  the  same,  indicating  that  the  temperature  of  emission 
is  the  same  on  both  sides  of  the  planet. 

The  radiation  from  the  dark  side  of  the  planet  is  of  extremely  long  wave- 
length; fluorite  transmits  only  a  small  fraction  of  it.  The  temperature 
indicated  by  this  radiation  is  about  250°  absolute. 

Drift  curves  were  produced  by  driving  the  thermocouple  slowly  across  the 
planet.  These  show  that  the  planetary  radiation  is  nearly  uniformly  dis- 
tributed over  the  dark  hemisphere  in  a  line  perpendicular  to  the  cusps,  and 
falls  off  slightly  along  a  line  toward  the  cusps.  Drift  curves  taken  both 
before  and  after  inferior  conjunction  were  nearly  identical,  the  part  over  the 
dark  side  of  the  planet  being  only  8  per  cent  higher  after  inferior  conjunction 
than  before.  If  future  observations  confirm  these  results,  direct  rotation  of 
the  planet  will  be  indicated.  The  conclusion  is  that  the  temperature  over 
the  planet  is  nearly  uniform,  falling  off  somewhat  at  the  cusps,  and  that  the 
radiation  is  such  as  might  be  emitted  from  the  upper  surface  of  a  cloud- 
covered  atmosphere  in  the  isothermal  layer. 

Mars. 
Advantage  was  taken  of  the  close  approach  of  Mars  to  study  the  radiation 
from  various  features  on  its  surface.  The  radiometric  magnitude  of  the 
planet  at  opposition  was  found  to  be  —3.92  which  is  its  maximum  brightness. 
The  distribution  of  radiation  in  the  spectrum  of  the  planet  is  much  like  that 
of  Mercury  and  the  moon,  a  large  amount  of  radiation  being  emitted  in  the 
band  between  8ju  and  14/*.  About  half  the  radiation  we  receive  from  Mars 
is  planetary  heat. 

Computations  of  temperatures  for  various  points  on  the  planet  give  about 
205°  absolute  for  the  south  polar  cap,  260°  absolute  for  the  limb  in  the  equa- 
torial regions,  and  about  300°  absolute  for  the  sub-solar  point  on  the  planet. 
Drift  curves  were  made  across  the  planet  in  the  equatorial  region  in  a 
manner  similar  to  those  on  Venus.  These  were  made  at  opposition  as  well 
as  before  and  after  opposition.  They  all  agree  in  showing  that  the  maximum 
of  radiation  of  planetary  heat,  and  therefore  of  temperature,  comes  at  noon 
on  the  planet,  and  not  in  the  afternoon  as  on  the  earth.  This  indicates  that 
the  atmosphere  of  the  planet  is  practically  devoid  of  water-vapor  or  gases 
which  absorb  the  planetary  radiation. 

The  forms  of  the  drift  curves  deviate  from  that  of  a  true  cosine  curve  in  a 
manner  which  indicates  that  the  temperatures  at  sunrise  and  at  sunset  are 
lower  than  would  be  the  case  if  the  planet  had  no  atmosphere  whatever  to 
reduce  the  incident  sunlight. 

By  means  of  a  thermocouple  with  only  one  exposed  junction,  the  radiation 
emitted  by  the  thermocouple  to  space  was  compared  with  that  received  by 
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the  planet  one  month  after  opposition,  and  found  to  be  greater,  indicating 
that  the  temperature  corresponding  to  the  mean  radiation  over  the  visible 
surface  of  the  planet  at  that  time  was  lower  than  that  of  the  thermocouple 
(15°  C). 

WATER-VAPOR   AND    OXYGEN    IN   THE   ATMOSPHERE    OF   MARS. 

Spectrographic  observations  of  Mars  were  made  by  Adams  and  St.  John 
on  February  2  when  the  relative  velocity  of  Mars  and  the  earth  was  sufficiently 
great  to  warrant  an  attempt  to  apply  the  Doppler  principle  to  the  detection 
of  the  lines  due  to  the  atmosphere  of  Mars.  Spectrograms  of  Mars  and  the 
sky  at  nearly  the  same  zenith  distance  were  secured  with  a  6-prism  spectro- 
graph and  40-inch  camera  placed  at  the  coude  focus  of  the  60-inch  reflector. 
The  spectrograms  were  then  charted  with  the  registering  microphotometer, 
graphs  being  made  of  the  region  of  water-vapor  lines  near  X5900  and  the 
oxygen  lines  near  X6300.  The  relative  velocity  of  Mars  and  the  earth  was 
17.8  km/sec,  or  0.35  A  at  X5900,  and  0.37  A  at  X6300.  The  linear  scale  of 
the  graphs  was  1  mm  =  0.12A  at  X5900,  and  1  mm  =  0.19  A  at  X6300. 

The  measurements  were  made  by  superposing  successively  the  curves  of  6 
lines  due  to  water-vapor  and  6  lines  due  to  oxygen  in  the  spectra  of  Mars 
and  the  sky,  and  reading  the  separations  of  neighboring  solar  lines.  The 
results  showed  a  displacement  of  0.03  A  toward  the  red  in  the  Mars  spectrum 
for  water- vapor  and  0.28  A  for  oxygen.  By  the  aid  of  a  formula  which  gives 
approximately  correct  values  for  such  a  case,  the  component  due  to  water- 
vapor  in  Mars  was  found  to  be  9  per  cent,  and  that  due  to  oxygen  33  per  cent 
as  strong  as  the  corresponding  lines  due  to  the  earth's  atmosphere.  Finally, 
taking  into  consideration  the  lengths  of  paths  traversed  in  the  two  atmos- 
pheres, the  measurements  show  that  the  quantity  of  water-vapor  in  the 
atmosphere  of  Mars  at  the  time  of  observation  was,  for  equal  areas,  6  per 
cent  of  that  above  Mount  Wilson,  or  about  0.4  mm.  of  precipitable  water, 
and  for  oxygen  about  16  per  cent,  or  about  two-thirds  of  that  in  the  earth's 
atmosphere  above  Mount  Everest. 

RESEARCHES  ON  NEBUL/E. 
DIRECT   PHOTOGRAPHY. 

A  large  proportion  of  the  direct  photographic  work  on  nebulae  has  been 
carried  on  by  Hubble,  who  has  concentrated  his  observations  on  the  non- 
galactic  nebulae.  Especial  attention  has  been  given  to  M  31  (Andromeda), 
a  spiral  of  intermediate  type;  M  33,  a  late-type  spiral;  and  N.  G.  C.  6822,  an 
irregular  non-galactic  nebula.  No  less  than  199  photographs  have  been 
made  during  the  year  in  the  course  of  the  study  of  these  three  objects.  Several 
of  these  were  taken  by  Professor  Duncan.  Hubble  has  also  secured  201 
photographs  of  other  nebulae,  55  of  which  were  made  for  classification  pur- 
poses on  objects  not  photographed  previously  on  an  adequate  scale. 

Among  other  nebular  photographs  are  several  by  Pease  of  N.  G.  C.  1555, 
N.  G.  C.  2245,  and  Nova  Persei  1901.  A  negative  of  Nova  Persei  taken 
with  the  100-inch  reflector  on  November  28  with  an  exposure  of  43^  hours, 
under  rather  poor  conditions,  shows  decided  changes  in  the  nebulosity  and 
the  expanding  ring  about  the  star  when  compared  with  photographs  obtained 
in  1917.  The  nebulosity  farthest  removed  from  the  star  has  become  more 
pronounced,  while  the  ring  has  expanded  4''2,  or  about  0''6  annually,  and 
has  become  fainter. 
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CEPHEID   VARIABLES   IN    SPIRAL   NEBULAE   AND   THE    DISTANCES    OF 

SPIRALS. 

Probably  the  most  important  result  of  Hubble's  photography  of  spiral 
nebulas  is  the  partial  resolution  of  many  nebulas  into  swarms  of  actual  stars. 
This  permits  the  application  of  methods  employed  in  the  study  of  galactic 
stars  on  the  assumption,  as  a  first  approximation,  that  the  stars  involved  in 
the  nebulas  are  similar  to  those  in  the  neighborhood  of  the  sun.  Results 
from  several  independent  lines  of  research  seem  to  justify  this  assumption 
and  have  led  to  a  consistent  picture  of  these  objects  as  isolated  systems  of 
stars  and  diffuse  nebulae  outside  of  and  at  immense  distances  from  the  galactic 
system. 

Special  attention  has  been  directed  by  Hubble  to  three  nebulas,  represent- 
ing the  largest  and  brightest,  and  hence  probably  the  nearest,  of  their  re- 
spective classes,  N.  G.  C.  6822,  M  31,  and  M  33.  Many  variables,  some  of 
which  are  typical  Cepheids,  have  been  found  in  all  three  objects.  Mag- 
nitudes, periods,  and  light-curves  have  been  determined  for  the  Cepheids, 
11  in  N.  G.  C.  6822,  12  in  M  31,  and  23  in  M  33.  The  period-luminosity 
relationship  is  conspicuous  for  each  nebula,  and  the  curves,  within  the  errors 
of  observation,  are  parallel  to  each  other  and  to  the  general  curve  derived 
by  Shapley  from  a  study  of  all  previously  known  Cepheids.  Distances, 
derived  from  displacements  in  magnitude  of  the  parallel  curves,  and  based 
on  Shapley's  zero-point,  which  must  still  be  regarded  as  provisional,  are  as 
follows: 


Distance. 

m-M 

N.  G.  C.  6822 
M  311 

230,000  parsecs. 
285,000  parsecs. 

21.8 
22.3 

M  33/ 

Star  counts  indicate  that  the  brightest  stars  in  N.  G.  C.  6822  and  M  33 
are  somewhat  fainter  than  —  6  and  —  7,  respectively,  in  absolute  photographic 
magnitude.  These  are  of  the  same  order  as  the  corresponding  quantities  in 
the  Magellanic  Clouds  and  the  galactic  system.  Excellent  photovisual  plates 
of  M  33  indicate  a  normal  distribution  of  color  indices,  long-period  Cepheids 
being  red  and  stars  involved  in  diffuse  emission  nebulosity  blue,  while  the 
faintest  stars  are  both  red  and  blue.  The  frequency  curve  of  the  maximum 
photographic  magnitudes  attained  by  46  novas  in  M  31  has  a  very  sharp  peak 
at  about  17.0  ±.  This  corresponds  to  absolute  magnitude  —  5.3  ±,  which  is 
quite  comparable  with  our  present  conceptions  of  the  absolute  magnitudes  of 
galactic  novas. 

In  the  course  of  his  investigations  Hubble  has  found  15  new  novas  in  M  31, 
and  1  in  M  33,  as  well  as  30  variable  stars  in  M  31,  44  in  M  33,  8  in  M  101, 
4  in  M  81,  and  3  in  N.  G.  C.  2403.  The  total  number  of  recognized  novas 
in  M  31  is  now  47,  and  of  other  variable  stars,  it  is  36  in  M  31  and  45  in  M  33. 

There  is  some  evidence  of  correlation  between  angular  diameters  of  the 
spirals  and  apparent  magnitudes  of  the  brightest  stars  involved,  among  both 
the  irregular  and  the  later  type  spirals,  but  the  dispersion  is  considerable 
and  more  precise  data  are  needed  for  the  determination  of  distribution  in 
space. 
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DISTRIBUTION   AND   NUMBER   OF   NEBULAE. 

A  rediscussion  has  been  made  by  Seares  of  Fath's  counts  of  nebulae  on 
the  long-exposure  photographs  of  the  Selected  Areas  used  in  preparing  the 
Mount  Wilson  Catalogue  of  Magnitudes.  The  distribution  in  galactic  latitude 
is  substantially  that  to  be  expected  on  the  basis  of  various  discussions  of 
bright  nebulae.  The  non-galactic  nebulae,  which  are  by  far  the  most  numer- 
ous, appear  in  both  hemispheres  at  about  20°  latitude,  increase  rapidly  in 
frequency  to  30°,  and  thereafter  more  slowly  to  70°.  The  concentration 
near  the  north  galactic  pole  is  pronounced.  Data  for  the  south  polar  region 
are  lacking,  and  only  half  the  southern  hemisphere  is  covered  by  the  counts. 
The  totals  per  square  degree  for  the  regions  observed  are,  on  the  average, 
about  three-fourths  those  for  the  corresponding  latitudes  of  the  northern 
hemisphere. 

The  chief  interest  lies  in  the  total  number  of  nebulae  in  the  sky.  Fath's 
counts  cover  fields  of  nearly  2  square  degrees  and  are  seriously  affected  by 
losses  arising  from  poor  definition  in  the  corners  of  the  plates.  A  tabulation 
by  Miss  Joyner  of  the  numbers  counted  in  small  fields  distributed  over  39  of 
the  photographs  shows  that  the  observed  numbers  must  be  nearly  doubled 
to  allow  for  the  losses.  The  resulting  totals  to  photographic  magnitude 
18.6  are: 

Galactic  Latitude 0°-70° 

Galactic  Latitude 70  -90 

The  values  for  the  polar  regions  are  uncertain,  particularly  that  for  the 
south  pole,  which  is  based  on  the  observed  ratio  in  lower  latitudes.  Unless 
the  irregularities  in  the  unobserved  portion  of  the  southern  hemisphere  are 
exceptional,  the  total  of  210,000  between  70°  N  and  70°  S  should  not  be 
uncertain  by  more  than  10  per  cent.  The  total  of  300,000  for  the  whole 
sky,  although  probably  of  the  right  order  of  magnitude,  is  subject  to  a  much 
larger  uncertainty. 

ROTATION    OF   SPIRAL   NEBULAE. 

In  connection  with  his  investigations  of  the  rotation  of  spiral  nebulae,  van 
Maanen  is  engaged  in  studying  the  possible  existence  of  a  magnitude  error 
in  the  measurements  due  to  differences  in  brightness  between  the  comparison 
stars  and  the  points  observed  in  the  nebulae.  A  series  of  photographs  with 
exposure  times  ranging  from  19  seconds  to  3134  minutes  has  been  taken  of  7 
spirals,  partly  by  Humason  with  the  60-inch,  and  partly  by  van  Maanen 
with  the  100-inch  telescope.  The  results  of  all  the  measurements  are  now 
under  investigation. 

NEBULAR  SPECTROSCOPY. 

Hubble  has  studied  the  spectra  of  numerous  irregular  and  spiral  nebulas 
with  the  aid  of  an  objective  prism.  The  irregular  nebulae  N.  G.  C.  4214, 
4449,  and  4657-8  all  show  localized  areas  of  emission  spectrum  on  the  general 
background  of  continuous  and  absorption  spectrum.  In  every  case  H/3  is 
brighter  than  N2,  which  is  the  typical  relationship  in  galactic  diffuse  nebu- 
losity. These  nebulae  are  partially  resolved  into  stars  by  the  100-inch 
telescope  and  appear  very  similar  to  N.  G.  C.  6822  but  on  a  smaller  scale. 
Their  spectra  are  strictly  comparable  with  that  of  N.  G.  C.  6822,  the  Magel- 
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lanic  Clouds,  and  the  galactic  system  as  seen  from  a  distance.  The  irregular 
nebulae  fall  into  a  series  of  decreasing  resolvability,  and  N.  G.  C.  6822  appears 
to  fill  the  gap  between  such  an  object  as  N.  G.  C.  4214  and  the  Magellanic 
Clouds.  Hence  it  may  be  considered  either  as  a  distant  Magellanic  Cloud  or 
as  a  nearby  irregular  nebula. 

Similar  photographs  of  spirals  show  localized  emission  spectra  for  several 
knots  in  the  outer  arms  of  M  33  and  M  101.  These  knots  appear  on  direct 
photographs  as  groups  of  stars  surrounded  by  diffuse  nebulosity,  and  hence 
are  similar  to  those  in  N.  G.  C.  6822,  and  probably  to  those  in  the  irregular 
nebulae  already  mentioned.  In  the  spirals  N.  G.  C.  1068,  4051,  and  4151 
the  emission  spectra  are  concentrated  in  star-like  objects  at  the  center,  which 
may  be  the  actual  nuclei.  In  these  cases  H/3  is  fainter  than  N2,  and  the 
spectra  approach  those  of  the  planetary  rather  than  the  diffuse  nebulae. 

Two  slit  spectrograms  of  N.  G.  C.  4151  taken  with  the  Cassegrain  spectro- 
graph have  been  obtained  by  Humason.  These  give  a  radial  velocity  of 
+953  km/sec. 

RESEARCHES  ON  STARS. 
TRIGONOMETRIC    PARALLAXES   AND    PROPER   MOTIONS. 

During  the  year  van  Maanen  has  obtained  187  photographs  with  325 
exposures  at  the  42-foot  focus  of  the  100-inch  telescope,  and  164  photographs 
with  366  exposures  at  the  80-foot  focus  of  the  60-inch  telescope.  Eight  of 
the  latter  were  multiple-exposure  photographs  of  Mars  taken  at  the  request 
of  Dr.  Paul  Gotz  of  Arosa,  who  is  measuring  them  for  photometric  purposes. 
Several  negatives  of  M  2,  3,  13,  53  and  56  have  been  sent  to  Dr.  A.  Pannekoek 
for  the  determination  of  photographic  magnitudes  of  the  stars  in  these  globular 
clusters.  During  van  Maanen's  absence  in  Europe  Mr.  Hugo  Benioff  has 
secured  14  photographs  with  28  exposures  for  parallax  and  proper  motion 
at  the  80-foot  focus  of  the  60-inch  reflector. 

Parallaxes  have  been  derived  for  16  fields.  Among  the  objects  of  especial 
interest  are  3  faint  stars  of  large  proper  motion,  Wolf  851,  922,  and  1106, 
with  parallaxes  of  +07034,  +07163  and  +07039,  respectively;  the  giant 
K-type  star  eScorpii,  for  which  a  negative  parallax  of  —  07016  has  been 
found;  a  Arietis  and  /3Pegasi,  with  parallaxes  of  +07044  and  +07007,  which 
were  placed  on  the  observing  program  because  of  interferometer  measures  of 
their  diameters;  and  7Draconis,  Groombridge  2875  and  /3Delphini,  with 
parallaxes  of  +07020,  +07058  and  +07037,  respectively,  for  which  determi- 
nations by  other  observers  are  discordant. 

A  list  of  over  60  stars  with  photographic  absolute  magnitudes  fainter  than 
+  10  has  been  compiled  by  van  Maanen,  while  only  14  such  objects  were 
known  at  the  time  Russell  published  his  well-known  diagram  of  giant  and 
dwarf  stars.  Owing  to  uncertainties  in  the  apparent  magnitudes  of  faint 
stars  it  seems  probable  that  many  additions  could  be  made  to  this  list. 

The  final  reductions  of  the  measures  by  van  Maanen  of  proper  motions  in 
the  globular  cluster  M  13  have  yielded  the  following  results: 

ji(a)  =-0''001  /u(radial)  =0''000 

ju(5)   =-0''001  ju  (rotational)    =0''0005 

The  rotational  motion  is  in  the  direction  NWSE.  The  total  motions, 
as  well  as  the  internal  motions,  are  therefore  extremely  small. 
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STELLAR  PHOTOMETRY. 
The  observing  conditions  during  the  year  have  in  general  been  unfavorable 
for  photometric  investigations,  because  of  light  cirrus  clouds  which  have 
interfered  seriously  with  work  at  the  telescope.  The  most  important  observa- 
tions carried  on  by  Seares  have  dealt  with  the  determination  of  colors  of 
Pseudo-Cepheids  and  of  faint  stars  in  the  Selected  Areas.  Several  investiga- 
tions preliminary  to  and  including  a  study  of  the  numbers  and  distribution 
of  the  stars  according  to  apparent  magnitude  and  galactic  latitude  have  been 
completed  by  him  during  the  year. 

Colors  of  Faint  Stabs  in  the  Selected  Akeas. 

Observations  of  stars  in  the  Selected  Areas  at  declination  +30°  by  the 
method  of  exposure  ratios  have  been  described  in  previous  reports.  The 
importance  of  the  mean  color  of  stars  of  different  apparent  magnitudes  and 
galactic  latitudes  for  various  statistical  investigations  has  become  increasingly 
evident,  and  the  program  has  been  extended  to  include  the  24  areas  at  +45°. 
About  one-third  of  the  photographs  of  the  additional  zone  have  been  finished. 

Colors  of  Pseudo-Cepheids. 

A  comparison  of  the  colors  of  Pseudo-Cepheids  with  those  of  stars  having 
the  usual  spectral  characteristics  is  desirable  because  of  probable  differences 
in  the  stellar  atmospheres.  The  observations  were  made  by  the  method  of 
exposure  ratios,  10  Pseudo-Cepheids  and  10  neighboring  comparison  stars  of 
known  color  being  photographed  on  each  plate.  Measures  by  Miss  Joyner 
on  a  total  of  17  plates  afford  an  average  of  about  5  values  for  the  color  of 
each  of  30  Pseudo-Cepheids.  The  probable  error  of  a  mean  color  index, 
including  uncertainties  in  the  plate  constants  and  all  errors  of  measurement, 
is  about  =*=  0.04  mag.  The  absolute  magnitudes  of  the  stars  range  from  about 
0  to  —4.  For  a  given  spectral  type  the  color  seems  to  increase  with  lumin- 
osity, in  harmony  with  results  for  the  stars  in  general.  There  are  exceptions, 
however,  and  a  wide  scatter  in  the  results  for  a  given  absolute  magnitude  and 
spectral  type.  Further  discussion  of  the  results  must  await  the  consideration 
of  the  accumulation  of  data  on  color  for  the  stars  at  large. 

Average  Color  of  Stars  as  a  Function  of  Apparent  Magnitude  and  Galactic  Latitude. 

The  determination  of  the  distribution  of  stars  according  to  magnitude  and 
galactic  latitude  has  required  several  preliminary  investigations  described 
in  this  and  the  three  following  sections. 

In  1914  Kapteyn  brought  together  in  Mount  Wilson  Contribution  No.  83 
much  evidence  indicating  that  faint  stars  are  redder,  on  the  average,  than 
bright  stars.  That  such  is  the  case  for  certain  clusters  was  already  known, 
and  Seares  has  shown  that  it  is  also  true  for  stars  in  fields  near  the  North 
Pole  and  the  variable  S  Cygni.  Data  now  available  leave  no  doubt  as  to 
the  general  character  of  the  phenomenon,  which  is  a  consequence  of  the 
presence  of  large  numbers  of  dwarfs  among  the  faint  stars.  Seares  has 
recently  discussed  the  material  in  the  Revised  Harvard  Photometry,  the  Draper 
Catalogue,  the  Gottingen  Aktinometrie,  the  Yerkes  Actinometry,  and  the  Mount 
Wilson  results  on  magnitudes  and  colors  and  finds  that  for  stars  brighter 
than  the  seventeenth  magnitude  the  relation  between  average  color  and 
magnitude  is  sensibly  linear.  For  a  grouping  of  stars  according  to  visual 
or  photovisual  magnitude  the  mean  color  index  is  expressed  by  Cv  =  +0.50 
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+0.029  tov,  and  for  a  grouping  according  to  photographic  magnitude  by 
Cp=  -0.18+0.071  rap. 

These  results  refer  to  stars  over  the  whole  sky.  The  data  for  different 
galactic  latitudes  are  fragmentary,  but  the  increase  in  mean  color  with 
increasing  latitude  is  clearly  marked.  Thus  for  stars  of  the  seventh  magnitude 
Cv  and  Cp  increase,  respectively,  from  +0.50  and  +0.23  in  the  Milky  Way, 
to  +0.93  and  +0.50  in  latitude  90°. 

Relations  Between  Magnitude  Scales. 

The  combination  of  existing  photometric  data  can  not  be  accomplished 
effectively  until  the  various  series  of  magnitudes  have  been  reduced  to  a 
uniform  system  of  scale  and  color.  This  promises  to  be  a  very  troublesome 
matter  which  will  require  much  time  and  effort.  A  beginning  was  made  by 
Seares  in  Contribution  No.  288,  the  principal  purpose  of  which  was  the  de- 
termination of  the  relation  of  the  Harvard  visual  scale  to  the  international 
photovisual  system.  The  color  equation  of  the  Harvard  magnitudes  relative 
to  this  system  varies  with  the  brightness  of  the  stars,  the  color  coefficients 
for  different  magnitudes  being  as  follows : 

m  =  3  5  7  9  11 

Coefficient=      -0.09      -0.11      -0.13      -0.15      -0.20 

After  allowance  for  color,  the  scale  corrections  for  the  Harvard  magni- 
tudes are  approximately  —0.08  to  ra  =  5;  +0.07  (m  — 6)  for  m  =  5  to  9.5;  and 
—  0.08  (to  — 12.5)  for  m  =  9.5  to  13.  King's  extra-focal  photographic  and  pho- 
tovisual magnitudes  require  chiefly  a  zero-point  correction,  the  deviations  in 
scale  and  color  being  either  very  small  or  altogether  negligible. 

The  complicated  relationship  known  to  exist  between  the  Harvard  and 
Potsdam  visual  scales  well  illustrates  the  difficulty  of  obtaining  reliable 
photometric  results  by  visual  methods.  The  color  equation  of  the  Potsdam 
system  was  also  found  to  be  variable,  but  its  changes  are  opposite  to  those 
affecting  the  Harvard  magnitudes,  which  accounts  for  much  of  the  complexity 
of  relation.  Referred  to  the  international  system,  the  color  coefficient  is 
+0.01  or  +0.02  for  stars  brighter  than  to  =  4.25,  and  thereafter  increases 
slowly  to  +0.11  at  to  =  8.25.  After  correction  for  color,  the  reduction  to 
the  international  scale  is  —0.26+0.03  (to  —  5). 

Relation  of  the  Mount  Wilson  Catalogue  of  Selected  Areas  to  the 
International  Scale. 

The  scale  of  the  Mount  Wilson  Catalogue  was  established  separately  for 
each  of  Selected  Areas  1  to  139  by  the  methods  used  in  deriving  the  mag- 
nitudes of  the  standard  stars  at  the  Pole.  Since  the  latter  agree  with  the 
international  scale,  the  Catalogue  itself  should  be  on  this  system.  This  has 
been  tested  by  means  of  the  polar-comparison  photographs  used  to  determine 
the  zero-points  for  the  individual  areas.  The  magnitude  interval  covered  is 
less  than  that  of  the  Catalogue,  because  the  comparison  exposures  were 
short,  but  sufficient  for  the  test.  The  mean  differences  for  the  37  areas 
directly  connected  with  the  Pole,  in  the  order,  International  Scale  minus 
Catalogue,  are 
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Since  the  magnitudes  from  the  comparison  photographs  for  the  brightest 
and  faintest  stars  included  are  necessarily  uncertain,  the  agreement  for  both 
scale  and  zero-point  is  very  satisfactory. 

Reduction  of  the  Harvard-Groningen  Durchmusterung  to  the 
International  System. 

The  Harvard-Groningen  Durchmusterung  contains  about  250,000  stars  in 
the  206  Selected  Areas  of  Kapteyn,  of  great  importance  for  discussion  of 
stellar  distribution.  The  comparison  of  this  catalogue  with  the  Mount 
Wilson  magnitudes  referred  to  in  the  last  report  has  been  extended  to  include 
the  24  Areas  at  — 15°  with  the  aid  of  Harvard  Annals  102,  recently  published. 
The  scale  of  the  Durchmusterung  agrees  with  the  Harvard  photographic 
scale,  as  was  intended,  to  ra  =  13.  For  the  remaining  three  magnitudes  the 
reduction  to  the  latter  is  +7  per  cent.  The  color  equation  is  large,  the 
coefficient  being  +0.21. 

Distribution  of  Stars  according  to  Apparent  Magnitude  and  Galactic  Latitude. 

The  completion  of  the  Mount  Wilson  Catalogue  of  Selected  Areas  has  made 
possible  a  new  determination  of  the  distribution  of  stars  according  to  mag- 
nitude and  distance  from  the  Milky  Way,  which  has  been  carried  out  by 
Seares,  van  Rhijn,  Miss  Joyner,  and  Miss  Richmond. 

The  counts  from  the  Catalogue,  which  includes  about  70,000  stars,  de- 
termine the  distribution  in  the  interval  m  =  13.5  to  18.5.  The  distribution 
from  m  =  9.0  to  13.5  was  derived  from  counts  published  by  Turner  for  33 
zones  of  the  Astrographic  Catalogue.  These  were  referred  to  the  interna- 
tional scale  by  comparison  with  van  Rhijn's  distribution  table  in  Groningen 
Publication  No.  27,  after  the  latter,  which  is  based  largely  on  the  Harvard- 
Groningen  Durchmusterung,  had  been  reduced  to  the  international  system 
by  means  of  the  corrections  to  which  reference  has  been  made.  The  distri- 
bution from  ra  =  5.0  to  9.0  was  obtained  directly  from  van  Rhijn's  table  by 
correcting  the  latter  for  scale  error. 

The  combination  of  results  from  the  three  sources  required  little  systematic 
adjustment — none  at  all  at  ninth  magnitude,  and  only  slight  changes  at 
magnitude  13.5.  The  increase  in  the  average  number  of  stars  per  square 
degree  is  so  regular  that  it  has  been  possible  to  extrapolate  the  numbers 
to  the  twenty-first  magnitude.  The  resulting  distribution  table  gives  average 
values  only,  systematic  deviations  in  galactic  longitude  and  between  northern 
and  southern  latitudes  being  ignored  for  the  present. 

The  total  number  of  stars  to  the  twenty-first  photographic  magnitude  is 
890,000,000,  or  to  the  twentieth  visual  magnitude,  about  1,000,000,000.  No 
serious  error  is  to  be  feared  from  the  choice  of  fields  used  for  the  counts;  but 
the  totals  given  are  uncertain  by  at  least  5  or  10  per  cent,  and  perhaps  more, 
because  of  uncertainty  in  the  scale  for  the  faintest  stars.  The  galactic  con- 
centration increases  rapidly  with  decreasing  brightness,  and  to  the  twenty- 
first  magnitude  there  are  more  than  40  times  as  many  stars  in  the  Milky 
Way  as  at  the  galactic  poles.  This  fully  confirms  the  results  of  provisional 
counts  of  40,000  stars  made  by  Seares  in  1917. 

If  the  distribution  law  which  applies  to  stars  brighter  than  m  =  21  also 
holds  for  the  luminous  stars  fainter  than  this  limit,  the  total  for  the  whole 
system  must  be  about  30  billions,  95  per  cent  of  which  are  within  20°  of  the 
galactic  plane,  while  less  than  one  per  cent  occupy  the  third  of  the  sky  be- 
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tween  latitudes  40°  and  90°.  The  corresponding  galactic  concentration 
would  be  in  excess  of  700.  Statistically  considered,  the  system  of  stars 
shows  a  high  degree  of  regularity.  How  much  of  this  arises  from  the  fact 
that  the  solar  system  lies  within  the  boundaries  of  a  local  cluster  is  not  yet 
clear;  but  superficial  examination  of  the  Milky  Way  indicates  that  the  star 
clouds  of  the  galactic  region,  when  studied  in  detail,  will  disengage  themselves 
from  the  statistical  unit  thus  far  studied  as  more  or  less  isolated  aggregations 
of  stars. 

STELLAE  SPECTROSCOPY. 

The  large  spectrograph  for  use  at  the  coude  focus  of  the  100-inch  reflector 
was  completed  early  in  the  year.  As  originally  designed,  the  instrument, 
which  is  of  the  auto-collimating  type  with  a  6-inch  Ross  lens  of  15  feet  focal 
length,  utilized  a  large  prism  through  which  the  light  was  returned  by  a 
plane  mirror.  Preliminary  tests  soon  showed,  however,  that  the  definition 
of  the  prism  was  unsatisfactory  for  a  spectrograph  of  this  size  and  it  was 
replaced  by  an  8-inch  plane  grating  ruled  by  Jacomini  on  our  Pasadena  ruling 
engine.  This  gave  satisfactory  spectra  in  the  first  order  of  several  of  the 
brighter  stars,  but  the  exposure  times  were  found  to  be  longer  than  expected. 
In  view  of  the  probability  of  constructing  brighter  gratings  with  the  ruling 
engine,  no  attempt  has  been  made  to  use  this  instrument  for  extensive 
observations. 

The  remainder  of  the  spectrographic  equipment  has  been  used  without 
essential  change.  The  ultra-violet  spectrograph  by  Hilger  has  been  re- 
mounted in  our  instrument  shop  and  has  been  used  by  Merrill  and  Sanford 
in  observations  of  the  spectra  of  variable  stars.  They  have  also  made 
thorough  trials,  with  satisfactory  results,  of  a  small  plane  grating  ruled  to 
give  especial  brightness  in  the  yellow  and  red  of  the  first  order  spectrum. 

During  the  year,  1242  spectrograms  have  been  obtained  with  the  two 
Cassegrain  spectrographs  by  Adams,  Humason,  Joy,  Merrill,  Sanford,  and 
Stromberg;  506  with  the  100-inch  reflector,  and  736  with  the  60-inch  reflector. 
The  observations  with  the  100-inch  telescope  have  included  principally  dwarf 
stars  fainter  than  the  eighth  visual  magnitude,  faint  variables,  and  stars  of 
especial  interest  between  —30°  and  —43°  of  declination;  those  with  the  60- 
inch  telescope,  many  stars  of  Boss's  Catalogue,  double  stars  and  spectro- 
scopic binaries.  Increasing  attention  has  been  given  to  physical  studies  of 
stars  with  peculiar  spectra,  especially  variables  and  bright-line  B-type  stars. 

Radial  Velocities. 

Among  the  results  of  the  work  of  the  year  in  the  measurement  of  radial 
velocities  the  following  may  be  noted : 

(1)  The  determination  of  the  radial  velocities  of  129  stars  from  measure- 
ments of  three  or  more  spectrograms  has  been  completed.  Miss  Fretz, 
Miss  MacCormack,  and  Miss  Poole  have  carried  on  most  of  this  work. 

(2)  Special  attention  has  been  given  to  the  dwarf  K5-M  stars  for  154  of 
which  velocities  are  now  known.  The  average  radial  velocity  is  27.0  km/sec 
with  a  large  dispersion,  18  having  velocities  of  over  60  km/sec.  It  is  of 
interest  to  note  that  the  dwarf  companions  of  brighter  stars  in  visual  binary 
systems  show  notably  smaller  motions  than  the  isolated  dwarfs,  the  average 
velocity  of  26  such  stars  being  only  15.9  km/sec.  Sanford  has  measured 
many  of  these  spectrograms  with  the  Hartmann  spectrocomparator. 
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(3)  The  largest  individual  radial  velocities  for  dwarf  stars  are  still  found 
among  those  of  type  F.  An  exceptionally  high  velocity  observed  recently  is 
that  of  A.  G.  Washington  3498  with  a  value  of  +200  km/sec.  All  of  the 
large  velocities  are  in  good  agreement  with  Stromberg's  results  for  the  asym- 
metry of  stellar  motions. 

(4)  Several  spectroscopic  binaries  have  been  discovered,  one  of  which, 
H.  D.  163181,  an  O-type  star  with  bright  hydrogen  lines,  shows  a  velocity 
range  of  over  400  km/sec  in  a  period  of  12  days.  Its  orbit  is  under  investiga- 
tion by  Humason.  Sanford  has  obtained  143  spectrograms  in  connection 
with  his  studies  of  spectroscopic  binaries,  15  of  which  were  made  with  a 
3-prism  spectrograph  and  a  40-inch  camera.  He  has  published  during  the 
year  the  orbital  elements  for  Boss  4247,  a  spectroscopic  binary  showing  two 
spectra. 

(5)  A  study  has  been  made  by  Joy  of  the  changes  in  velocity  and  spectrum 
of  the  variable  star  W  Virginis,  a  Cepheid  with  a  period  of  17.27  days.  The 
star  is  remarkable  for  its  high  galactic  latitude  and  secondary  maximum  of 
light.  The  range  in  velocity  as  derived  from  the  absorption  lines  is  74  km/sec, 
and,  if  the  usual  calculations  are  made  as  for  a  spectroscopic  binary,  the 
eccentricity  is  found  to  be  small  and  the  motion  of  the  system  —62  km/sec. 
These  results  are  at  variance  with  those  for  typical  Cepheids.  The  hydrogen 
lines  are  normal  absorption  lines  until  after  the  star  has  passed  its  minimum 
brightness  when  bright  lines  appear  and  within  a  few  days  blot  out  the 
absorption.  The  bright  lines  do  not  share  in  the  velocity-variations  of  the 
absorption  lines. 

(6)  Humason  has  continued  measurements  of  the  radial  velocities  of  stars 
in  the  Selected  Areas,  and  has  obtained  spectrograms  of  49  stars.  More 
time  will  be  devoted  to  this  program  of  observation  during  the  present  year. 

Spectroscopic  Determinations  of  Luminosity  and  Parallax. 

A  special  study  has  been  made  of  the  dwarf  K  and  M  stars.  These  have 
been  classified  into  successive  spectral  divisions  based  principally  upon  the 
visibility  and  intensity  of  the  titanium  oxide  bands.  When  the  stars  grouped 
in  this  way  according  to  spectral  type  are  compared  with  reference  to  absolute 
magnitude  as  derived  from  trigonometric  parallaxes,  a  strong  correlation  is 
found  to  exist  between  type  and  absolute  magnitude.  The  relationship  is 
nearly  linear  between  K5  and  M3,  the  change  in  absolute  magnitude  with 
spectral  type  being  relatively  more  rapid  beyond  M3.  The  dispersion  in 
absolute  magnitude  within  each  spectral  group  is  so  moderate  that  it  is  clear 
that  the  parallax  of  a  dwarf  star  of  one  of  these  types  can  be  determined  with 
very  considerable  accuracy  from  its  spectral  class  alone.  For  faint  stars, 
which  can  be  observed  only  with  very  low  dispersion  this  simple  method  may 
prove  of  decided  value. 

The  most  advanced  type  of  spectrum  so  far  observed  for  a  dwarf  star  on 
this  system  of  classification  is  M5.  The  relationship  with  absolute  magnitude 
shows  that  a  star  of  more  advanced  type  would  have  an  absolute  magnitude 
of  at  least  +13,  and  hence  would  be  so  faint  apparently  as  to  be  difficult  of 
observation,  or  would  have  an  exceptionally  large  parallax. 

Considerable  time  has  been  devoted  during  the  year  to  a  revision  of  the 
tables  for  determinations  of  absolute  magnitude  and  their  extension  to 
include  the  use  of  new  lines  for  types  of  spectrum  between  A5  and  M.     The 
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additional  lines  are  mainly  enhanced  lines  in  types  A  and  F  and  low  temper- 
ature iron  lines  in  types  K  and  M.  The  calcium  lines  at  XX4318,  4435,  and 
4586,  and  the  titanium  blend  at  X4535  have  been  used  to  advantage  in  the 
dwarf  K  and  M  stars.  A  special  investigation  of  over  200  M-type  giants 
has  been  completed,  and  the  methods  have  been  extended  to  those  of  type  K. 
Adams,  Joy,  Sanford,  and  Humason  have  all  taken  part  in  this  work, 
which  has  involved  much  classification  of  spectra.  Miss  Brayton,  Miss 
Fretz,  and  Miss  Wiberg  have  shared  in  the  computations  and  tabulations. 

The  Spectrum  of  the  Companion  of  Sirius. 
The  spectrum  of  this  remarkable  star  has  been  investigated  further  by 
Adams  with  results  which  confirm  closely  the  large  relativity  displacement 
of  the  lines  predicted  by  Eddington,  and  indicate  a  mean  density  of  the 
order  of  50,000  times  that  of  water.  Spectrograms  obtained  with  the  100- 
inch  reflector  have  been  measured  directly  and  with  the  registering  micro- 
photometer,  the  lines  used  consisting  of  H/3,  H7,  and  a  few  others,  most  of 
which  are  enhanced  lines.  The  results  give  the  displacements  of  the  lines 
in  the  spectrum  of  the  companion  with  reference  to  those  in  Sirius.  The 
continuous  spectrum  of  the  companion  is  relatively  less  intense  than  that  of 
the  scattered  light  from  Sirius  in  the  region  of  shorter  wave-lengths,  and  a 
correction  has  been  applied  to  the  measured  displacements  of  the  more 
refrangible  fines,  based  upon  measurements  of  the  intensity  of  the  continuous 
spectrum  with  the  microphotometer.  The  displacements  found  in  this  way, 
considered  as  radial  velocities,  are  +26  km/sec  for  H/3,  +21  km/sec  for  H7, 
and  +22  km/sec  for  the  additional  lines.  The  mean  value,  corrected  for  the 
relative  orbital  motion  of  1.7  km/sec  of  the  companion,  is  +21  km/sec,  or 
+0.32  Angstrom.  Using  Seares's  values  of  surface  brightness,  we  find  the 
following  values  for  the  companion  of  Sirius  on  the  alternatives  of  A5  or  F0 
for  its  spectral  type: 

A5  FO 

Surface  Brightness —1.45  —0.88 

Radius  (km) 18,000         24,000 

Density  (water  =  1) 64,000         30,000 

Relativity  Displacement  (Angstrom) ...  .  +0.32  +0.23 

Eddington  has  calculated  a  relativity  shift  of  20  km/sec,  or  +0.31  Angstrom 
on  the  basis  of  a  spectral  type  of  F0  and  an  effective  temperature  of  8000°, 
with  a  radius  of  19,600  km.  and  a  density  of  53,000. 

Spectrum  of  o  Ceti  and  its  Companion. 

Mira  Ceti  and  its  companion  have  been  made  the  subject  of  further  spectral 
investigations  by  Joy.  The  numerous  irregularities  in  light  and  spectrum 
of  the  principal  star  appear  to  be  accompanied  by  changes  in  radial  velocity 
of  a  fairly  regular  type.  The  faint  maximum  of  light  of  1924  showed  the 
presence  of  several  emission  lines  or  narrow  bands  which  had  not  appeared 
previously.  These  are  accompanied  by  weak  absorption  bands  on  their 
violet  edges,  and  it  seems  probable  that  their  presence  may  be  intimately 
connected  with  the  causes  which  reduced  the  brightness  of  the  star  at  this 
time. 

The  spectrum  of  the  companion  is  of  an  extraordinary  character.  The 
continuous  spectrum  indicates  a  star  of  early  spectral  type,  and  no  absorption 
lines  have  been  found  except  those  which  accompany  the  strong  emission 
lines  of  hydrogen.     Helium  is  marked  by  wide  bright  bands,  and  enhanced 
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lines  of  calcium  and  iron  appear  as  emission  lines  of  moderate  strength. 
The  absolute  magnitude  can  hardly  be  brighter  than  +6.0,  and  the  star 
must  be  regarded  as  a  dwarf  of  early  type. 

Bright-Line  Stars  of  Type  B. 

Merrill  and  Humason,  assisted  by  Miss  Burwell,  have  made  an  extensive 
study  of  B-type  stars  with  emission  lines.  In  a  total  of  89  stars  with  bright 
lines  discovered  with  the  10-inch  telescope  and  an  objective  prism,  84  are  of 
early  type.  All  of  these,  together  with  similar  stars  previously  known,  have 
been  photographed  with  slit  spectrographs,  and  data  have  been  compiled 
for  their  spectral  classification  and  radial  velocities  as  well  as  for  the  character- 
istics of  individual  lines.  The  discussion  brings  out  the  fact  that  bright-line 
stars  show  a  strong  preference  for  types  BO  to  B3,  as  well  as  a  tendency  to 
occur  in  groups  near  the  center  line  of  the  Milky  Way.  Four  groups  of 
bright-line  B-type  stars  are  in  regions  which  are  also  rich  in  Wolf-Rayet  stars. 
Some  stars  of  especial  interest  are  the  following: 

B.  D. — 27°  11944  and  H.  D.  51480:  Both  stars  show  characteristics  resem- 
bling those  of  P  Cygni.  In  the  first  star  the  bright  portions  of  the  lines  are 
very  broad,  and  the  spectrum  occupies  a  position  intermediate  between  that  of 
P  Cygni  and  a  typical  nova. 

H.  D.  161114:  Of  70  bright  lines  observed  in  this  spectrum  about  25, 
including  most  of  the  stronger  ones,  are  due  to  iron.  The  enhanced  line 
spectrum  is  present  in  greater  purity  than  in  any  ordinary  laboratory  source, 
and  the  arc  lines  are  extremely  faint. 

H.  D.  45677:  This  spectrum  is  very  peculiar.  Though  associated  with 
type  B  it  shows  prominently  the  group  of  bright  lines  of  unknown  origin 
observed  in  W  Cephei  and  some  other  stars  of  types  K  and  M. 

Red  Stars. 

A  comparative  study  of  individual  lines  in  the  spectra  of  red  stars  is  being 
made  by  Merrill.  It  confirms  previous  results  in  showing  that  types  M6 
to  M8  correspond  to  the  coolest  known  stars.  In  general,  the  lines  of  the 
principal  series  and  other  lines  of  low  atomic  level  are  relatively  strong  in 
the  advanced  M-type  stars,  but  the  D  lines  of  sodium  present  an  exception, 
being  much  fainter  in  types  M6  to  M8  than  in  types  N  and  S,  although  the 
latter  are  known  from  other  evidence  to  be  at  higher  temperatures.  The 
relationship  between  the  spectra  of  types  M  and  S  is  being  studied  by  observ- 
ing stars  of  intermediate  type,  especially  a  few  variables  in  which  the  type 
changes. 

Miscellaneous  Investigations. 

Humason  has  continued  his  observations  of  the  spectral  types  of  faint 
stars  in  the  Selected  Areas.  During  the  year  18  areas  have  been  investigated, 
thus  making  a  total  of  53  which  have  been  completed,  about  one-half  the 
entire  number  included  in  this  program. 

Sanford  has  carried  on  additional  observations  of  stars  of  type  N  and  has 
obtained  about  40  spectrograms  for  this  purpose.  Several  of  these  have 
been  made  on  plates  sensitized  to  the  red  and  were  taken  with  the  plane- 
grating  spectrograph. 

In  continuation  of  his  studies  of  the  spectra  of  variable  stars,  Joy  has 
secured  spectrograms  of  a  considerable  number  of  variables  of  the  Algol, 
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Cepheid,  and  irregular  types.  Some  of  these  show  marked  changes  of  type 
accompanying  their  light  variations. 

A  search  for  giant  stars  with  effective  temperatures  lower  than  those  of 
types  M6e  to  M8e  has  been  made  by  Merrill  and  Humason,  some  long 
exposures  with  an  objective  prism  having  been  tried  for  this  purpose.  No 
such  stars  were  found.  The  two  facts,  that  in  the  sequence  of  giant  stars 
from  F  to  M8  no  rapid  falling  off  is  found  in  apparent  radiometric  or  absolute 
visual  magnitude  and  that  the  coolest  giant  stars  known  are  long-period 
variables  of  type  Me,  suggest  that  a  discontinuity  exists  just  below  the  temper- 
atures of  these  stars. 

Two  studies  have  been  made  of  the  intensities  of  certain  lines  in  the  red 
portion  of  some  stellar  spectra.  Merrill  finds  that  the  oxygen  triplet  X7771- 
X7775,  which  requires  about  the  same  excitation  as  the  enhanced  lines  of 
iron,  are  strong  in  the  spectrum  of  a  Cygni  and  hardly  recognizable  in 
a  Lyrse  and  a  Canis  Majoris.  Adams  and  Joy  have  found  that  the  enhanced 
silicon  lines  X6347  and  X6371,  which  are  present  in  the  sun,  are  intensely 
strong  in  j6  Orionis  and  become  progressively  fainter  in  a  Cygni,  a  Canis 
Majoris,  and  a  Canis  Minoris. 

The  discovery  of  an  additional  star,  Boss  1985,  with  the  peculiar  bright 
lines  characteristic  of  W  Cephei  and  a  few  other  stars,  has  been  announced  by 
Adams,  Joy,  and  Humason.  They  have  also  added  several  stars  to  the  list 
of  those  having  the  spectral  characteristics  of  Cepheid  variables. 

INTERFEROMETER    MEASURES    OF    STARS. 

The  20-foot  interferometer  has  been  used  regularly  by  Pease  for  measure- 
ments of  stellar  diameters.  Successful  measures  of  o  Ceti  were  obtained  at 
its  1925  maximum,  and  the  fringes  were  found  to  disappear  at  a  separation  of 
the  mirrors  of  98  inches.  This  corresponds  to  an  angular  diameter  of  0''056, 
or  a  linear  diameter  of  about  430,000,000  km.  if  a  parallax  of  0''02Q  is  used. 
This  is  the  first  star  found  to  be  capable  of  measurement  directly  with  the 
100-inch  mirror  without  the  use  of  the  20-foot  beam. 

Measures  were  continued  during  the  winter  on  a  Orionis,  which  was  again 
bright,  and  gave  a  diameter  of  0''044.  Observations  of  a  Scorpii  have  yielded 
a  value  of  0''040,  in  close  agreement  with  previous  results.  Preliminary 
determinations  for  a  Herculis  indicate  an  angular  diameter  of  about  0''030 
and,  in  view  of  its  small  parallax,  a  large  linear  diameter. 

At  the  suggestion  of  Russell  the  interferometer  was  used  in  an  attempt  to 
measure  the  separation  and  the  position  angles  of  the  components  of  Mizar, 
a  spectroscopic  binary  with  a  period  of  20.5  days.  The  observations  proved 
successful  and  in  good  agreement  with  the  values  computed  from  the  elements 
of  the  spectroscopic  orbit.  From  the  preliminary  results  Russell  has  derived 
an  inclination  of  approximately  50°  for  the  plane  of  the  orbit. 

RADIOMETRIC    OBSERVATIONS   OF   STARS. 

The  methods  of  measuring  stellar  radiation  with  the  vacuum  thermocouple 
have  been  continued  as  in  previous  years  by  Pettit  and  Nicholson.  During 
the  year  275  sets  of  stellar  measurements  have  been  made,  principally  on 
long-period  variables  and  their  comparison  stars.  A  number  of  these  have 
been  added  to  the  observing  list  in  order  to  cover  a  wide  range  of  magnitude 
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variation  and  period.  They  all  show  the  general  characteristics  found  in  the 
cases  of  o  Ceti  and  %  Cygni,  that  is,  a  water-cell  absorption  of  about  2  magni- 
tudes and  a  heat  index  of  about  8  magnitudes  at  minimum  light.  These 
values  seem  to  be  a  function  of  the  light  range  of  the  star. 

Algol  was  again  observed  during  the  minimum  of  November  20  with  results 
which  confirmed  the  early-type  character  of  the  eclipsing  companion.  The 
radiation  from  8  Cephei  and  rj  Aquilae  has  been  measured  at  intervals  through- 
out the  year,  and  material  is  now  available  for  comparison  with  the  light- 
curves. 

ASYMMETRY   IN   THE    DISTRIBUTION    OF   COSMIC   VELOCITIES. 

Stromberg  has  continued  his  investigation  of  the  asymmetry  of  stellar 
motions,  using  all  available  radial  velocities.  The  stars  of  spectral  types 
B,  A,  F,  G,  K,  and  M  have  been  divided  into  groups  based  upon  the  size  of 
the  quantity  H  =  m-\-5  log  n,  and  the  group-motion  with  reference  to  the  sun 
as  well  as  the  internal  velocity-dispersion  has  been  determined  by  the  use  of 
ellipsoidal  distribution  functions.  Similar  computations  have  been  carried 
out  for  the  Cepheid  variables  of  long  and  short  period,  the  c-stars,  O-type 
stars,  Me-type  stars,  bright-line  nebulae,  globular  star  clusters,  and  non- 
galactic  nebulae. 

The  results  are  essentially  identical  with  those  found  previously  from  a 
study  based  principally  upon  the  space-velocities  of  objects  with  known 
distances.  The  advantage  in  the  use  of  the  radial  velocities  lies  in  the  almost 
complete  elimination  of  the  effect  of  the  selection  of  stars  of  large  proper 
motion.  The  group-motion  relative  to  the  sun  is  found  to  vary  greatly  for 
different  objects,  being  about  12  km/sec  for  the  Cepheid  variables  and  rising 
to  about  300  km/sec  for  stars  of  large  velocity,  globular  clusters,  and  non- 
galactic  nebulae.  The  group-motion  does  not  appear  to  depend  primarily 
upon  spectral  type,  absolute  magnitude,  mass,  density,  or  distance,  but 
rather  upon  the  internal  dispersion  of  velocities.  The  relationship  between 
this  dispersion  and  the  group-motion  can  be  represented  by  the  equation  for 
a  parabola. 

It  becomes  possible  by  the  aid  of  this  parabolic  relationship  to  express  the 
general  distribution  law  of  cosmic  velocities  as  the  product  of  a  symmetrical 
distribution  function  and  an  exponential  function  of  the  first  order  with 
characteristic  velocity-vectors.  Under  the  assumption  that  there  is  a  limit 
to  the  sequence  of  velocity-ellipsoids  and  that  this  limit  is  given  by  the 
stars  of  highest  velocity,  the  globular  clusters  and  spiral  nebulae,  the  expo- 
nential function  can  be  transformed  into  a  new  symmetrical  distribution- 
function,  the  center  of  which  corresponds  to  a  velocity  of  300  km/sec  in 
the  direction  a  =  127°,  8  =  —56°. 

The  A-type  stars  of  high  luminosity  and  those  of  type  B  have  a  fairly 
large  group-motion  but  a  small  velocity-dispersion,  and  hence  do  not  fit  into 
the  general  parabolic  relationship.  These  stars,  together  with  the  so-called 
calcium  clouds  and  the  groups  comprising  the  Pleiades,  Perseus,  and  Scorpio- 
Centaurus  clusters,  appear  to  form  a  separate  system,  a  conclusion  which  is 
supported  by  much  independent  evidence  of  a  different  character. 
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LABORATORY  INVESTIGATIONS. 
FURNACE,    ARC,    AND    SPARK   SPECTRA. 

Studies  of  furnace,  arc,  and  spark  spectra  for  a  number  of  elements  have 
been  carried  on  by  King.  In  the  work  with  the  electric  furnace  the  spectra 
of  yttrium,  lanthanum,  and  zirconium  have  received  special  attention,  because 
of  their  astrophysical  interest  and  the  need  of  data  for  grouping  lines  accord- 
ing to  spectral  regularities.  A  large  collection  of  spectrograms  has  been 
made  for  these  elements,  extending  from  the  ultra-violet  into  the  infra-red. 
Miss  Carter  has  participated  in  the  estimates  of  line-intensities  and  classifica- 
tions, which  when  completed  will  cover  about  1,500  lines.  Portions  of  the 
furnace  spectrum  of  columbium  and  indium,  as  well  as  that  of  iron,  have 
been  photographed  at  especially  low  temperatures. 

A  comparison  with  the  arc  and  spark  spectra  is  made  in  all  cases,  and  the 
three  sources  furnish  a  series  of  excitation  stages,  beginning,  for  the  lines  of 
the  neutral  atom,  with  the  lower  temperatures  of  the  electric  furnace  and 
being  continued  by  conditions  found  in  the  arc.  The  spectrum  of  the  ionized 
atom  appears  at  the  higher  temperatures  of  the  furnace,  and  develops  through 
various  forms  of  the  arc  discharge  up  to  that  of  the  spark,  in  which  the  arc 
lines  are  largely  suppressed. 

The  use  of  an  arc  with  a  current  of  1,000  amperes  or  more  has  furnished  a 
most  useful  step  in  this  series  of  excitations.  Such  an  arc  is  of  intense  bright- 
ness, and  produces  a  large  volume  of  vapor  at  a  very  high  temperature.  The 
lines  which  are  strong  in  the  furnace  and  in  the  low-current  arc  are  relatively 
inconspicuous,  while  the  high-temperature  lines,  faint  in  the  weaker  sources, 
appear  strongly.  In  this  way,  lines  which  are  beyond  the  reach  of  the  furnace 
may  be  classified  according  to  their  intensity  and  structure. 

Another  notable  feature  of  the  high-current  arc  is  its  tendency  to  give  rise 
to  displacements  of  those  lines  which  are  produced  in  the  region  of  highest 
excitation.  This  displacement  is  usually  toward  the  red,  though  often  toward 
the  violet.  It  varies  from  slight  dissymmetry  to  distinct  shifts  of  the  emis- 
sion lines,  which  in  some  cases  are  very  large.  The  lines  least  disturbed  by 
such  excitation  will  have  the  most  stable  wave-lengths  in  the  usual  laboratory 
arc  and  should  be  used  as  standards.  Lines  belonging  to  the  same  multiplet 
are  invariably  affected  in  the  same  way;  and  since  a  very  complete  spectrum 
of  the  neutral  atom  is  given  by  the  high-current  arc,  the  search  for  regularities 
is  aided  materially  by  the  selection  of  groups  of  lines  having  similar  structure. 
The  spectrum  of  iron  from  X2800  to  X8400  has  been  studied  closely  with 
reference  to  this  effect,  and  the  widening  and  dissymmetry  of  920  lines 
between  X4250  and  X8400  have  been  noted  and  catalogued  as  an  aid  in  the 
selection  of  wave-length  standards  and  the  grouping  of  lines  according  to 
atomic  energy  levels.  A  statistical  examination  shows  that  the  sensitiveness 
of  lines  to  this  displacement  increases  for  lines  of  the  higher  temperature 
classes  and  for  those  of  multiplets  which  start  from  the  higher  energy  levels. 
A  comparison  with  the  results  obtained  from  other  sources  of  high  excitation 
indicates  that  the  effects  for  iron  lines  are  similar  in  character  to  those  of  the 
high  current-arc  but  usually  much  smaller.  Studies  of  the  nature  of  the 
discharge  in  these  sources  by  methods  now  available  should  throw  much  light 
on  the  processes  resulting  in  the  emission  of  different  types  of  lines. 
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Other  spectra  examined  in  the  high-current  arc  have  been  those  of  titanium, 
chromium,  calcium,  magnesium,  copper,  and  aluminum.  In  all  cases  the 
high  temperature  and  the  explosive  character  of  the  arc  have  intensified 
effects  shown  to  some  extent  in  other  sources.  Emission  spectra  are  uniformly 
absent,  but  bands  sometimes  appear  in  absorption.  Enhanced  lines  are 
produced  in  different  degrees  for  different  elements,  and  although  such  lines 
usually  are  not  strong,  X4481  of  magnesium  appears  with  great  intensity. 
Among  those  due  to  gases  are  found  some  of  the  more  easily  excited  lines  of 
oxygen  and  nitrogen. 

In  the  series  of  light-sources  from  which  the  lines  of  the  neutral  atom  can 
be  obtained,  the  moderate  temperatures  of  the  furnace  and  the  very  high 
temperatures  of  exploded  wires  can  be  measured  closely.  Sources  of  inter- 
mediate temperature  furnish  a  gradation  which  is  evident  from  their  spectra, 
and  it  would  thus  appear  quite  possible  to  evaluate  the  temperatures  which 
correspond  to  the  excitation  of  many  of  the  electrical  discharges  used  in  the 
laboratory. 

ELECTRICALLY   EXPLODED   WIRES. 

During  the  year  two  methods  of  investigation  have  been  tried  by  Anderson, 
both  of  which  promise  to  yield  results  of  considerable  interest.  The  first  is 
a  continuous  variation  of  the  excitation  (or  temperature)  from  that  found  in 
King's  high-current  arc  up  to  the  highest  attainable  with  the  condenser 
discharge  hitherto  employed.  It  appears  that  the  excitation  depends  only 
on  the  intensity  of  the  current  passing  through  the  metallic  vapors.  In  the 
high-current  arc  the  total  current  is  of  the  order  of  1,000  amperes,  while  with 
the  new  condenser  a  value  as  high  as  40,000  amperes  is  readily  obtained. 
If,  however,  inductance  is  inserted  in  the  condenser  circuit,  the  current  may 
be  reduced  to  any  extent  desired;  for  example,  if  the  inductance  is  0.5  mil- 
lihenry, the  maximum  value  of  the  current  is  approximately  1,000  amperes. 
An  iron  spectrum  taken  with  this  particular  excitation  resembles  that  of  the 
high  current-arc  rather  closely.  As  the  current  is  increased,  the  spectrum 
changes  gradually,  the  continuous  background  increasing  regularly  in  in- 
tensity and  the  bright  lines  changing  progressively  into  absorption  lines,  so 
that  when  the  current  is  from  5,000  to  10,000  amperes,  the  majority  of  arc 
lines  are  either  neutral  or  dark  upon  the  strong  continuous  background. 
Many  spark  lines,  principally  in  the  ultra-violet,  are  reversed,  but,  as  a  rule, 
and  especially  in  the  less  refrangible  region  of  the  spectrum,  the  spark  lines 
remain  bright.  When  the  current  is  increased  still  further,  the  reversals  of 
the  arc  lines  appear  to  narrow,  and  some  of  them  develop  bright  wings.  A 
systematic  study  of  these  interesting  changes,  and,  especially,  a  quantitative 
study  of  the  intensity  of  the  continuous  background  as  a  function  of  the  cur- 
rent, should  suggest  a  rational  explanation  of  the  origin  of  continuous  spectra 
in  general,  which  is  entirely  wanting  at  present. 

The  second  method  of  investigation  consists  in  photographing  a  spark  or 
an  exploding  wire  with  an  exposure  which  is  very  short  in  comparison  with 
the  duration  of  the  phenomenon  itself.  To  accomplish  this,  the  magnetic 
rotation  of  the  plane  of  polarization  by  a  liquid  such  as  water  is  utilized. 
Before  entering  the  camera,  the  light  from  the  exploding  wire  or  spark  passes 
through  a  pair  of  nicol  prisms  whose  planes  are  set  accurately  at  90°  to  one 
another.     Between  the  nicols  is  a  small  cell  containing  water,  around  which 
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is  wound  a  few  turns  of  wire  forming  a  part  of  the  condenser  circuit.  When 
no  current  flows  through  this  wire,  no  light  can  pass  through  the  second 
nicol  and  into  the  camera,  but,  when  a  sufficiently  strong  current  passes,  the 
water  rotates  the  plane  of  polarization  of  the  light  so  that  it  can  pass  the 
nicol  and  enter  the  camera.  The  arrangement  is,  in  fact,  a  shutter  working 
nearly  instantaneously,  since  it  has  no  moving  parts,  and  the  degree  of 
opening  is  controlled  by  the  strength  of  the  current  in  the  little  coil  surround- 
ing the  water-cell.  In  the  trials  made  thus  far  the  current  and  the  coil  are 
adjusted  so  that  the  shutter  is  open  only  during  the  middle  portion  of  the 
first  half-oscillation  of  the  circuit,  this  time  interval  being  of  the  order  of 
three  millionths  of  a  second.  The  photograph  obtained  shows  the  wire  in 
the  beginning  of  the  act  of  exploding,  and  gives  some  interesting  information, 
especially  in  regard  to  the  role  played  by  the  extremely  intense  magnetic 
field  surrounding  the  wire  at  this  stage.  It  is  hoped  that  it  may  be  possible 
to  operate  the  shutter  by  means  of  an  auxiliary  circuit  so  that  it  can  be 
opened  and  closed  at  any  previously  chosen  instant  during  the  explosion. 
This  will  make  it  possible  to  study  the  successive  phases  much  more  com- 
pletely than  can  be  done  at  present  with  the  rotating  mirror-camera. 

A  condenser  having  a  capacity  of  10  microfarads  is  under  construction 
and  will  be  available  for  this  work  some  time  during  the  coming  year. 

STANDARDS    OF   WAVE-LENGTH. 

The  redetermination  of  the  wave-lengths  of  iron  lines  in  terms  of  the 
primary  standards  was  commenced  by  Babcock  with  the  interferometer 
about  a  year  ago.  The  work  has  been  extended  to  include  the  entire  visible 
spectrum  and  a  portion  of  the  ultra-violet.  In  the  region  between  the  near 
ultra-violet  and  the  yellow  the  agreement  among  the  three  collaborating 
American  laboratories  is  found  to  be  satisfactory,  and  the  mean  values  for 
the  lines  of  groups  a  and  b  indicate  a  correction  of  —0.002  Angstrom  to  the 
wave-lengths  previously  adopted.  The  origin  of  this  error  is  still  uncertain. 
A  small  systematic  difference  in  the  case  of  the  red  fines  of  group  b,  between 
the  new  Mount  Wilson  and  the  Ryerson  Laboratory  wave-lengths  on  the  one 
hand,  and  those  of  the  Bureau  of  Standards  on  the  other,  seems  to  be  due  to 
the  existence  of  a  small  amount  of  pole  effect  for  these  lines,  and  emphasizes 
the  importance  of  adherence  to  the  accepted  specifications  for  operating  the 
arc.  At  X6500  the  correction  to  the  adopted  system  reaches  a  value  of 
-0.010  A. 

The  method  of  reducing  observations  made  with  the  interferometer  has 
been  modified  slightly  to  permit  of  the  use  of  photographs  covering  a  greater 
range  of  spectrum.     The  change  also  effects  a  small  economy  in  time. 

THE  PRESSURE  EFFECT  FOR  IRON. 

The  study  of  the  displacements  of  the  spectral  lines  produced  by  pressures 
of  less  than  one  atmosphere  was  undertaken  by  Babcock,  partly  because  of 
the  need  of  further  quantitative  results  for  an  effect  which  has  as  yet  received 
no  adequate  explanation  based  on  the  mechanism  of  radiation,  and  partly 
because  several  lines  of  evidence  point  to  very  low  pressures  in  stellar  atmos- 
pheres. The  investigation  has  been  carried  on  with  the  interferometer,  and, 
while  still  incomplete  for  the  red  region  of  the  spectrum,  has  led  to  results  of  in- 
terest.    Care  has  been  taken  to  eliminate  the  pole-effect  and  to  secure  the  full 
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advantage  of  the  sensitiveness  of  the  interference  method  by  comparing  closely 
similar  images  of  the  spectral  lines. 

The  results  confirm,  in  general,  the  Mount  Wilson  classification  into  groups 
according  to  amount  of  displacement,  but  eliminate  the  distinction  between 
groups  c5  and  d.  Proportionality  is  found  between  displacement  and 
change  of  pressure  up  to  one  atmosphere,  but  the  absolute  values  are  only 
about  one-half  as  great  as  those  measured  by  previous  observers.  This 
difference  is  probably  due  to  the  absence  of  pole-effect  in  the  present  results 
and  the  reduction  of  the  influence  of  line-width  and  dissymmetry.  Since 
such  effects  are  more  important  for  the  longer  wave-lengths,  it  is  not  surprising 
that  the  variation  of  displacement  with  wave-length  is  found  to  be  less  rapid 
than  that  obtained  in  earlier  investigations.  For  lines  of  group  a  this  varia- 
tion is  found  to  be  proportional  to  the  square  of  the  wave-length,  and  to 
still  smaller  values  of  the  exponent  for  groups  b  and  d. 

THERMOCOUPLES   AND   RADIOMETRIC   APPARATUS. 

In  connection  with  radiometric  observations  of  the  sun  and  stars  Petitt 
has  carried  on  experimental  work  in  the  laboratory  planned  to  test  and 
improve  the  instruments  and  methods  in  use  at  the  telescope.  Among  his 
conclusions  reference  may  be  made  to  the  following: 

An  examination  of  the  accuracy  with  which  very  small  deflections  recorded 
with  the  photographic  registering  device  can  be  determined  shows  that  a 
deflection  as  small  as  0.06  mm.  can  be  measured  with  an  error  of  about  8 
per  cent. 

Tests  of  an  artificial  drift  of  the  galvanometer  image  by  means  of  heated 
air  currents  prove  that  drift  can  be  eliminated  effectively  by  measuring  the 
deflection  records  at  uniform  intervals. 

The  introduction  of  resistance  into  the  galvanometer  circuit  of  the  register- 
ing microphotometer  improves  the  detail  and  fidelity  of  registration. 

An  investigation  of  the  nitrogen-filled  lamp  used  as  a  source  of  radiation 
for  the  microphotometer  shows  that  when  run  at  high  currents  the  emission 
increases  with  the  time  and  at  low  currents  decreases.  The  emission  is 
fairly  constant  when  the  lamp  is  used  at  about  80  per  cent  of  the  normal 
current.  When  the  lamp  is  evacuated  the  emission  falls  off  with  the  time 
for  all  values  of  the  current,  and  only  two-thirds  as  much  radiation  of  a 
character  which  can  be  transmitted  by  glass  is  emitted  as  from  a  nitrogen- 
filled  lamp  with  the  same  current. 

A  coelostat  has  been  provided  for  use  with  the  registering  microphotometer 
which  admits  of  the  use  of  sunlight  without  any  change  of  the  optical  system 
other  than  the  addition  of  a  condensing  lens.  The  deflections  obtainable 
with  sunlight  are  about  5  times  those  with  the  nitrogen-filled  lamp. 

A  special  form  of  visual  microphotometer  has  been  planned  and  constructed 
for  measuring  the  intensities  of  spectral  lines  and  for  photometric  investiga- 
tions in  which  detailed  transmission  curves  are  not  required.  The  design  is 
such  that  much  larger  deflections  are  obtained  than  with  the  registering 
microphotometer. 

TESTING   OF   PHOTOGRAPHIC    PLATES. 

Methods  of  testing  the  speed  and  color-sensitiveness  of  the  great  variety 
of  photographic  plates  used  in  the  different  departments  of  the  Observatory 
have  been  developed  and  are  in  regular  use  by  Merrill  and  L.  H.  Humason. 
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A  small  spectrograph  with  a  transmission  grating  is  employed  for  most  of 
this  work.  Special  attention  has  been  given  to  increasing  the  sensitiveness 
of  plates  to  the  red  portion  of  the  spectrum. 

THE  VELOCITY  OF  LIGHT. 

A  series  of  measurements  of  the  velocity  of  light  was  obtained  by  Dr. 
Michelson  at  Mount  Wilson  on  the  evenings  of  August  4-10,  1924.  The 
apparatus,  used  in  the  form  described  in  a  previous  report  with  a  Sperry 
arc  as  the  source  of  light,  was  found  to  give  ample  light  even  at  times  when 
the  transparency  was  moderate.  The  steadiness  of  the  return  image  was 
excellent,  especially  during  the  hour  after  sunset,  and  made  it  possible  to 
secure  measurements  of  position  with  an  accuracy  of  0.01  to  0.03  mm. 

Each  set  of  observations  consisted  of  5  to  10  micrometer  measures  of  the 
image  seen  in  the  rotating  mirror,  and  a  corresponding  number  with  the 
direction  of  rotation  reversed.  This  method  has  the  important  advantage 
of  giving  a  double  deflection  and  of  eliminating  the  necessity  for  measuring 
the  zero  position.  The  electric  tuning  fork  used  for  determining  the  speed 
of  the  rotating  mirror  made  132.25  vibrations  per  second  and  was  controlled 
by  comparison  with  a  free  seconds  pendulum.  This  in  turn  had  been  care- 
fully compared  with  an  invar  pendulum  furnished  by  the  United  States 
Coast  and  Geodetic  Survey,  under  whose  direction  Lieutenant  Donal  Pheley 
carried  out  the  necessary  measurements. 

The  chief  source  of  error  encountered  in  these  measurements  was  the 
difficulty  of  maintaining  a  sufficiently  constant  speed  for  the  rotating  mirror. 
This  can  doubtless  be  overcome  by  suitable  provision  for  a  constant  pres- 
sure of  the  air  blast,  and  a  considerable  gain  in  accuracy  is  hoped  for  in  the 
more  extensive  series  of  observations  planned  for  this  summer. 

DR.  RUSSELL'S  INVESTIGATIONS. 

While  at  Mount  Wilson  Dr.  Russell  was  engaged  principally  in  the  discus- 
sion of  the  relative  intensities  of  spectral  lines  belonging  to  multiplet  groups. 
General  theoretical  formulae  for  their  intensities  based  upon  the  correspond- 
dence  principle  were  developed,  and  were  later  found  to  be  identical,  in  every 
detail,  with  those  derived  independently  from  similar  principles  by  Kronig, 
and  by  Sommerfeld  and  Honl,  and  published  slightly  earlier.  These  formulas 
were  compared  with  King's  estimates  of  line-intensity,  and  it  was  found  that 
King's  estimated  numbers  are  closely  proportional  to  the  square  roots  of  the 
actual  intensities.  This  makes  a  very  thorough  test  of  the  theory  possible, 
and  the  agreement  with  observation  is  highly  satisfactory. 

There  is  good  reason  to  hope  that  this  theory,  confirmed  by  three  independ- 
ent investigators  and  by  observation,  may  open  the  way  to  a  quantitative 
determination  of  the  relative  numbers  of  absorbing  atoms  in  the  solar  atmos- 
phere which  are  involved  in  the  production  of  Fraunhofer  lines  of  different 
intensities.  A  preliminary  examination  indicates  that  the  ratio  of  the  number 
of  atoms  involved  in  the  production  of  the  stronger  winged  lines,  and  the 
faintest  observable  lines,  is  of  the  order  of  a  million  to  one. 

Dr.  Russell  has  also  completed  and  published  a  List  of  Ultimate  and 
Penultimate  Lines  of  Astrophysical  Interest  containing  about  2,200  lines  in  46 
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arc  and  spark  spectra  for  which  the  energy  relations  are  known.  This  has 
already  proved  of  much  value  in  the  interpretation  of  solar  and  stellar  spectra. 
A  number  of  other  elements  are  likely  to  be  added  to  the  list  within  a  short 
time. 

THE  SOLAR  LABORATORY. 

The  building  of  the  Solar  Laboratory  has  been  completed  under  the  direc- 
tion of  George  D.  Jones.  The  heating  and  ventilating  system  has  been 
installed,  together  with  a  rotary  transformer  giving  the  direct  current  needed 
for  the  operation  of  the  instruments  and  dome.  The  dome,  constructed  in 
the  Observatory  instrument  shop,  has  been  installed  and  placed  in  working 
order,  and  the  ccelostat  and  second  mirror  of  the  vertical  telescope  have  been 
finished  and  mounted.  They  have  been  used  temporarily  with  mirrors 
adapted  for  the  purpose,  and  sufficient  tests  have  been  made  by  Hale  to 
insure  the  success  of  the  type  of  Cassegrain  telescope  to  be  employed.  The 
concave  mirror  (of  exceptionally  fine  pyrex  glass)  for  this  telescope  is  being 
figured,  and  an  excellent  disk  of  clear  fused  quartz  will  form  one  of  the  auxil- 
iary convex  mirrors.  The  75-foot  spectrograph,  with  its  two  spectrohelio- 
graphs,  is  nearly  completed,  and  its  larger  parts  are  now  being  installed  in  the 
well  beneath  the  tower. 

The  instrument  shop,  which  has  been  occupied  since  autumn,  is  equipped 
with  a  Rivett  precision  lathe,  No.  1  Brown  &  Sharpe  Universal  milling 
machine,  with  spiral  head  and  vertical  milling  attachment,  bench  drill, 
grinder,  and  combined  circular  saw  and  jointer.  The  laboratory  is  only 
partially  equipped,  but  the  library  has  been  in  regular  use  since  the  first  of 
the  year. 

CONSTRUCTION  DIVISION. 

DRAFTING   AND    DESIGN. 

The  design  and  detailed  drawings  of  instruments  for  the  Solar  Laboratory 
have  occupied  much  of  the  time  of  Pease,  Nichols,  and  H.  S.  Kinney.  These 
have  included  complete  drawings  of  the  75-foot  spectrograph  with  the 
attached  13-foot  and  30-foot  spectroheliographs,  lens  and  mirror  mountings, 
tubes,  slit  supports,  and  clamp  and  control  mechanism,  as  well  as  sketch 
sheets  of  other  apparatus. 

Drawings  have  also  been  made  for  the  apparatus  for  the  1925  and  1926 
eclipses;  the  exhibit  by  the  Observatory  at  the  National  Academy  of  Sciences; 
the  visual  microphotometer;  the  main  support  of  the  Cassegrain  spectro- 
graphs; and  numerous  other  instruments  for  use  in  the  physical  laboratory  or 
on  Mount  Wilson.  Diagrams  and  charts  for  the  publications  of  the  Observ- 
atory have  been  continued  as  usual. 

OPTICAL   SHOP. 

The  work  in  the  optical  shop  has  been  carried  on  by  W.  L.  Kinney  and 
Dalton.  The  construction  by  Kinney  of  two  18-inch  plane  mirrors  and  an 
18-inch  concave  mirror  of  30  feet  focal  length  for  the  Solar  Laboratory  was 
the  single  largest  piece  of  optical  work  of  the  year.  He  has  also  completed 
an  objective  prism  10^  inches  in  diameter,  several  smaller  prisms  and 
mirrors,  and  has  locally  refigured  a  number  of  prisms. 
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Much  of  Dalton's  time  has  been  devoted  to  the  figuring  of  speculum  plates 
for  diffraction  gratings,  ranging  from  V/2  to  10  inches  in  diameter.  He  has 
also  made  numerous  speculum  mirrors  and  has  done  much  optical  work  on 
small  quartz  and  rock  salt  lenses  and  plates  for  thermocouples,  interfero- 
meter plates,  and  color  screens. 

The  40-inch  disk  for  the  concave  mirror  of  the  50-foot  interferometer  has 
finally  been  received  and  is  of  excellent  quality.  The  disks  for  the  4  plane 
mirrors  of  15-inches  aperture  are  of  pyrex  glass  and  already  in  stock.  Optical 
work  on  all  of  these  mirrors  will  be  commenced  very  soon. 

INSTRUMENT  SHOP. 
Over  one-half  of  the  time  of  the  instrument  shop  has  been  given  to  the 
construction  of  apparatus  for  the  Solar  Laboratory  under  the  direction  of 
A.  F.  Ayers.  Other  important  instruments  completed  during  the  year  include 
the  coude  spectrograph,  apparatus  for  the  eclipse  of  January  1925,  two  12- 
inch  solar  ccelostats,  exhibits  for  the  National  Academy  of  Sciences,  a  large 
adapter  for  the  60-inch  telescope,  the  visual  microphotometer,  and  apparatus 
for  the  investigation  of  the  velocity  of  light.  In  addition  considerable  work 
has  been  done  upon  the  large  condenser  for  the  physical  laboratory,  and 
numerous  tools  have  been  made  for  the  optical  shop.  Repairs  and  minor 
alterations  of  instruments  have  been  continued  as  usual. 

GENERAL  CONSTRUCTION,  MAINTENANCE,  AND  TRANSPORTATION. 

The  completion  of  the  building,  dome,  and  spectrograph  pit  for  the  Solar 
Laboratory  under  the  superintendence  of  George  D.  Jones  has  represented 
the  chief  construction  work  of  the  year.  Little  new  construction  has  been 
undertaken  on  Mount  Wilson,  but  the  maintenance  of  the  mountain  road 
and  buildings  has  been  carried  on  as  in  previous  years.  At  the  request  of 
Professor  Dayton  C.  Miller,  the  building  used  by  him  in  his  investigation  of 
the  ether-drift  was  moved  from  its  site  at  the  extreme  edge  of  the  mountain 
to  a  point  a  short  distance  east  of  the  60-inch  dome. 

Merritt  Dowd,  engineer,  and  Sidney  Jones,  assistant  engineer,  have  con- 
tinued in  charge  of  the  power  plant  on  Mount  Wilson  and  the  maintenance 
of  the  power,  water,  and  light  services.  They  have  also  cared  for  the  elec- 
trical installations  of  the  various  instruments  and  domes,  and  have  built 
much  new  electrical  apparatus.  The  large  switchboard  and  the  automatic 
switches  for  the  Solar  Laboratory  were  constructed  entirely  by  Dowd. 

The  most  serious  forest  fire  for  many  years  in  the  Angeles  National  Forest 
broke  out  on  August  31,  1924,  to  the  eastward  of  Mount  Wilson  and  lasted 
throughout  the  entire  month  of  September,  covering  an  area  of  50,000  acres. 
During  much  of  this  time  Mount  Wilson  was  threatened  directly,  and  the 
mountain  top  soon  became  one  of  the  chief  centers  from  which  the  Forest 
Service  and  County  forces  engaged  in  fighting  the  fire  were  directed.  To 
assist  in  the  immediate  protection  of  the  Observatory,  Jones  with  a  force 
of  about  100  men  hastily  cut  a  fire-line  along  the  east  and  south  sides  of 
our  property  and  also  cleared  and  widened  a  4-mile  fire-break  extending 
southeastward  from  the  top  of  the  mountain.  The  fire  was  brought  under 
control  before  it  reached  these  final  lines  of  defense. 

The  fire-risk  on  Mount  Wilson  must  of  necessity  always  remain  consider- 
able, since  it  is  impossible  to  clear  the  ground  completely  without  increasing 
radiation  from  the  heated  slopes  and  so  almost  certainly  impairing  the  defini- 
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tion,  especially  with  the  solar  instruments.  The  fireproof  character  of  the 
principal  buildings,  should,  however,  prevent  serious  loss  of  apparatus,  and 
much  has  been  done  in  the  way  of  clearing  underbrush  and  material  which 
is  most  dangerous  in  time  of  fire.  With  the  aid  of  a  special  appropriation 
from  the  Carnegie  Institution  a  large  amount  of  work  was  done  during  the 
spring  months  of  1925  in  clearing,  widening,  and  making  permanent  the 
temporary  fire-line  around  the  Observatory  property  built  at  the  time  of 
the  September  fire.  These  precautions,  together  with  the  maintenance  of  a 
patrolman  during  the  summer  months,  and  the  addition  by  the  Forest  Service 
of  a  lookout  station  on  Mount  Wilson,  have  reduced  the  danger  of  fire  to  a 
point  probably  below  that  at  any  other  period  since  the  establishment  of  the 
Observatory. 

The  succession  of  years  of  deficient  rainfall  and  the  requirements  of  the 
camps  established  on  Mount  Wilson  at  the  time  of  the  San  Gabriel  fire 
reduced  to  a  serious  extent  the  amount  of  water  in  storage.  During  the 
past  winter,  although  the  precipitation  was  again  much  below  the  normal, 
it  was  found  possible  to  fill  completely  all  of  the  reservoirs.  This  should 
enable  the  Observatory  to  carry  on  its  work  without  difficulty.  The  general 
water-level  on  the  mountain  top,  however,  is  the  lowest  in  the  past  20  years. 

Through  the  sudden  death  on  July  23,  1924,  of  H.  C.  Lee,  caretaker  on 
the  mountain  road,  the  Observatory  lost  a  faithful  and  efficient  employee 
who  had  been  associated  with  its  work  for  over  13  years. 

INVESTIGATIONS  IN  PROGRESS. 
Many  of  the  scientific  investigations  of  the  Observatory  are  of  an  extensive 
character  and  continue  from  year  to  year.  The  advances  made  in  such 
researches  have  already  been  indicated  in  detail.  New  problems  are  con- 
stantly being  added,  however,  and  a  brief  summary  of  the  principal  investiga- 
tions in  progress  should  be  useful. 

SOLAR   RESEARCH. 

Daily  photography  of  the  sun  by  direct  methods  and  with  the  spectro- 
heliograph  is  being  continued  regularly.  On  days  of  exceptional  activity  the 
13-foot  spectroheliograph  is  also  used  in  the  study  of  areas  of  especial 
interest.  The  direct  photographs  are  used  in  the  measurement  of  sun-spot 
positions  and  areas,  while  the  spectroheliograms  provide  the  material  for 
investigations  of  vortex  structure  around  sun-spots  and  the  solar  activity. 
The  apparent  correlation  found  by  Abbot  between  the  value  of  solar  constant 
and  the  area  of  the  calcium  flocculi  adds  new  interest  to  their  study. 

Drawings  showing  the  forms  of  sun-spot  groups  and  their  polarities  are 
made  regularly  with  the  150-foot  tower  telescope.  Photography  of-sun  spot 
spectra,  both  with  and  without  quarter-wave  plates,  measurements  of  radia- 
tion, and  further  studies  of  the  Evershed  effect  are  being  resumed  with  the 
gradual  increase  in  sun-spot  activity. 

Spectroscopic  observations  include  the  continuation  of  the  measurement 
of  solar  wave-lengths  and  of  the  rotation  of  the  sun,  together  with  changes 
of  intensity  and  displacements  of  lines  at  the  sun's  limb. 

A  study  of  the  forms  and  motions  of  the  solar  granulations,  and  measure- 
ments of  the  ultra-violet  radiation  of  the  sun  and  of  the  solar  radiation 
along  different  diameters  of  the  sun,  form  additional  features  of  the  program 
of  solar  research. 
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NEBULAR   AND    STELLAR   RESEARCH. 

Several  of  the  nebular  investigations  in  progress  are  concerned  with  the 
further  study  of  variable  stars  and  novae  in  spiral  nebulae,  especially  M  31 
and  M  33.  Other  researches  include  a  search  for  faint  Cepheid  variables  in  the 
galactic  clouds;  the  distribution  of  magnitudes  and  color-indices  among 
the  stars  involved  in  nebulae  of  various  types;  a  detailed  study  of  the  corre- 
lation between  the  diameters  of  nebulae  of  different  types  and  the  magni- 
tudes of  stars  involved  in  them;  and  a  statistical  examination  of  size,  lumin- 
osity, and  type  for  a  list  of  nebulae  complete  to  definite  limits. 

Spectroscopic  observations  of  spiral  nebulae  have  been  commenced  and  will 
form  a  larger  portion  of  the  observing  program  during  the  present  year. 

Measurements  of  parallax  and  proper  motion  are  being  continued  on  a 
list  of  selected  stars  to  which  additions  are  made  from  time  to  time.  Especial 
attention  is  being  given  to  faint  stars  of  large  proper  motion. 

Photometric  investigations  in  progress  include  determinations  of  color 
for  the  faint  stars  in  zones  -f-30°  and  +45°  of  the  Selected  Areas;  studies  of 
the  colors  of  certain  classes  of  stars,  including  the  Pseudo-Cepheids;  and 
researches  on  the  distribution  of  stars  according  to  apparent  magnitude. 

Determinations  of  radial  velocity  are  being  made  for  an  extensive  list 
of  stars  which  includes  many  faint  stars  of  large  proper  motion,  variable 
stars  of  different  types,  Me  and  Se  stars,  visual  binaries,  numerous  stars 
of  spectral  types  F  to  M  taken  from  Boss's  Catalogue,  several  spectroscopic 
binaries,  and  the  principal  stars  in  the  Selected  Areas.  The  spectrograms 
are  also  used  for  classification  purposes,  for  determinations  of  absolute  magni- 
tude, and  for  physical  studies  of  spectra,  especially  in  the  cases  of  the  M, 
N,  and  S  stars,  and  the  B  stars  with  bright  lines.  Spectrographic  observa- 
tions in  the  ultra-violet  and  the  red  portions  of  the  spectrum  are  found  valua- 
ble in  interpreting  the  behavior  of  different  groups  of  spectral  lines. 

Radiometric  measures  of  stars  and  planets  with  the  thermocouple  form  a 
regular  part  of  the  observing  program  and,  in  continuation  of  the  work  so 
successfully  commenced  by  Dr.  Abbot  last  year,  are  being  extended  to 
include  measures  of  the  spectral  energy-distribution. 

LABORATORY   RESEARCH. 

The  series  of  light  sources  of  continuously  increasing  excitation  consisting 
of  the  electric  furnace,  the  arc,  the  high-current  arc,  and  the  exploding 
wire  is  being  utilized  in  many  laboratory  investigations  which  have  for  their 
purpose  the  study  of  spectra  under  different  physical  conditions,  and  the 
classification  of  lines  according  to  temperature  and  atomic  energy-level.  The 
remarkable  relationships  among  the  intensities  of  lines  in  multiplets  found 
and  studied  by  Russell  add  greatly  to  the  interest  of  these  researches.  With 
the  completion  of  the  new  large  condenser,  especially  powerful  ionizing 
agencies  will  be  available  for  use,  both  in  the  wire-explosion  and  the  vacuum 
spark,  and  the  analysis  of  these  radiating  sources  by  the  methods  devised 
by  Anderson  should  prove  of  considerable  physical  interest. 

The  continuation  of  measurements  of  the  wave-lengths  of  lines  in  labor- 
tory  studies,  the  study  of  the  displacements  of  lines  at  pressures  below  one 
atmosphere,  and  the  investigations  of  vortices  in  liquids  carried  on  by  Hale 
in  the  Solar  Laboratory  are  other  outstanding  features  of  the  laboratory  re- 
searches in  progress. 
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During  the  major  portion  of  the  year  Dr.  T.  M.  Carpenter  of  the  staff  has 
not  been  engaged  in  experimental  work  but  has  been  on  an  extensive  Euro- 
pean tour,  visiting  laboratories  and  institutions  where  the  interest  of  the 
workers  was  along  lines  similar  to  those  being  investigated  in  the  Nutrition 
Laboratory.  This  trip  included  many  institutions  not  previously  visited 
by  a  representative  of  the  Nutrition  Laboratory.  Seventy-five  universities, 
research  institutions,  and  clinics  were  visited  in  thirty-four  cities,  in  twelve 
countries.  The  range,  geographically,  was  from  Oslo  to  Naples  and  from 
Debreczen  to  Glasgow.  Without  exception  his  reception  was  in  every 
country  most  cordial  and  appreciative. 

Striking  interest  was  exhibited  in  basal  metabolism,  which  is  being  studied 
in  its  many  phases  all  over  Europe,  both  from  a  purely  physiological  stand- 
point and  in  its  practical  application  in  clinical  medicine.  Many  workers  in 
metabolism  are  attempting  to  apply  by  various  devices  the  principles  in- 
volved in  apparatus  originated  and  developed  in  the  Nutrition  Laboratory, 
especially  the  closed-circuit  principle  for  the  study  of  the  respiratory  exchange. 
Indeed,  the  application  of  this  principle  has  superseded  to  a  great  extent 
the  former  methods  involving  gas  analysis. 

The  tour  has  resulted  in  a  close  cementing  of  international  relationships  in 
nutrition  centers,  the  renewal  of  contacts  successfully  established  during  Dr. 
Carpenter's  two  previous  trips,  and  stimulated  interest  in  problems  of  nutri- 
tion and  metabolism.  It  has  also  brought  about  a  deeper  scientific  friendship 
and  has  helped  to  dispel  the  idea,  which  too  often  prevails  in  Europe,  of 
American  insularity  in  scientific  work. 

Based  upon  the  experience  of  the  Director  on  his  trip  in  1923,  arrange- 
ments were  made  to  give  lectures  and  addresses  which  would  bring  to  the 
workers  in  Europe  the  investigations  and  the  most  recent  developments  in 
the  work  of  the  Nutrition  Laboratory  which  were  of  special  interest  to  them. 
Thirty  of  these  lectures  were  given  in  twenty-two  cities  before  organizations 
of  which  the  following  are  typical:  the  Norwegian  Medical  Society  in  Oslo, 
the  Society  of  Alimentary  Hygiene  in  Paris,  the  National  Scientific  Society 
of  Hungary,  and  the  Royal  Institution  of  Great  Britain.  Not  only  was  the 
work  of  the  Nutrition  Laboratory  given  special  presentation,  but  a  general 
view  of  the  various  activities  of  the  Carnegie  Institution  as  a  whole  was 
brought  to  the  attention  of  the  audiences,  and  it  was  gratifying  to  find  that 
more  frequently  than  not  there  were  in  the  audiences  those  who  had  very 
intimate  knowledge  of  many  of  the  departments  of  the  Institution.  The 
lectures  were  frequently  followed  by  keen  and  animated  discussion  of  the 
problems  presented,  and  Dr.  Carpenter  found  the  various  institutions  and 
organizations  most  frankly  grateful  for  the  fact  that  he  was  willing  volun- 
tarily to  give  these  lectures. 

A  better  feeling  has  been  brought  about  as  a  result  of  these  lectures,  because 
of  the  willingness  of  a  representative  of  the  Carnegie  Institution  to  give  as 
well  as  to  receive  knowledge.  Another  result  has  been  an  increased  interest 
on  the  part  of  workers  in  Europe,  followed  by  an  influx  of  correspondence  and 
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discussion  with  regard  to  problems  in  nutrition.  It  would  seem  that  we  are 
right  in  assuming  that  certainly,  to  some  extent,  this  tour  was  beneficial  and 
helpful  in  carrying  out  one  of  the  expressed  wishes  of  the  founder  of  the  Insti- 
tution, that  we  "repay  to  the  old  land  some  part  of  the  debt  we  owe  them." 
The  tour  has  undoubtedly  enabled  a  better  understanding  of  the  conditions 
under  which  various  investigators  are  working  and  a  juster  appreciation  and 
appraisal  of  the  value  of  their  work.  The  wealth  of  information  on  new  and, 
for  the  most  part,  unpublished  researches,  as  well  as  the  discussions  and  com- 
ments on  many  of  the  Nutrition  Laboratory  projects  obtained  by  Dr.  Car- 
penter on  this  trip  fully  sustain  the  long-established  custom  of  the  Nutrition 
Laboratory  for  such  periodic  tours. 

COOPERATING  AND  VISITING  INVESTIGATORS. 

Dr.  Howard  F.  Root  is  continuing  the  measurements  of  the  insensible  loss 
of  normal  humans,  diabetics,  and  goitre  cases  in  the  clinics  of  Dr.  Elliott  P. 
Joslin  and  Dr.  Frank  H.  Lahey  at  the  New  England  Deaconess  Hospital. 

Professor  E.  G.  Ritzman,  of  the  Department  of  Animal  Nutrition  of  the 
University  of  New  Hampshire,  is  continuing  his  intensive  studies  on  the 
fasting  metabolism  of  large  animals,  considering  especially  variations  in 
nutritive  level,  type  of  feed,  and  environmental  temperature.  The  success 
of  the  investigation  thus  far  has  resulted,  thanks  to  Director  John  C.  Kendall 
and  President  Ralph  D.  Hetzel,  in  a  material  addition  to  the  special  building 
set  aside  for  the  Institute  of  Animal  Nutrition,  which  will  make  it  possible 
to  double  the  facilities  for  studying  the  metabolism  of  steers  and  dairy  cows 
and  other  important  problems  in  the  production  of  foods. 

Professor  Grace  MacLeod,  of  the  Department  of  Nutrition,  Teachers 
College,  Columbia  University,  New  York,  is  conducting  research  on  the 
metabolism  of  the  albino  rat,  considering  particularly  the  influence  of  sex  and 
age,  as  well  as  environmental  temperature,  growth,  and  pregnancy. 

Professor  Elizabeth  E.  Crofts,  of  the  Department  of  Physiology,  Mount 
Holyoke  College,  South  Hadley,  Massachusetts,  has  been  actively  cooper- 
ating in  a  series  of  observations  on  the  metabolism  of  young  college  women, 
utilizing  the  large  group  of  students  at  Mount  Holyoke  and  capitalizing  their 
unusual  enthusiasm  for  research  of  this  kind.  Frequent  conferences  were 
had  with  Professor  Abby  H.  Turner,  temporarily  at  the  Harvard  School  of 
Public  Health  in  Boston,  through  whom  this  most  successful  and  satisfactory 
cooperative  investigation  at  Mount  Holyoke  College  was  started. 

Professor  E.  L.  Sevringhaus,  of  the  University  of  Wisconsin,  spent  much 
time  at  the  Laboratory,  studying  various  techniques  to  be  introduced  into  the 
new  hospital  and  clinic  at  the  University  of  Wisconsin. 

The  foreign  visitors  who  have  exhibited  more  than  ordinary  interest  in  our 
work  include  Professor  Fridericia  of  Copenhagen,  Professor  Einthoven  of 
Leyden,  and  Professor  and  Madam  Sorensen  of  Copenhagen. 

The  stimulated  interest  in  Japanese  laboratories  in  nutrition  studies  has 
resulted  in  visits  from  a  large  number  of  Japanese  scientific  men,  and  most 
friendly  and  cordial  relations  have  been  established  with  the  Nutrition  Insti- 
tute of  the  Imperial  University  of  Tokio,  through  Director  Tadasu  Saiki 
and  Dr.  Hideo  Takahira. 

Dr.  Georges  Litarczek  from  Bucharest  spent  considerable  time  at  the 
Laboratory,  acquiring  the  technique  of  the  calorimeter  and  respiration  ap- 
paratus. 
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STAFF  NOTES. 

The  outstanding  feature  of  the  year  was  the  extended  European  tour  of 
Dr.  Carpenter,  which  has  already  been  discussed.  During  a  week  in  Novem- 
ber, the  Director  gave  a  series  of  lectures  on  the  work  of  the  Laboratory  in 
universities  in  the  Middle  West.  An  address  entitled  "Alcohol  and  Human 
Physiology"  was  given  before  the  American  Chemical  Society  in  Boston  and 
subsequently  at  Brown  University  in  Providence,  Rhode  Island,  and  at 
Teachers  College,  New  York.  An  address  on  "The  Chemist's  Obligations 
t*o  Research"  was  given  at  the  Massachusetts  Institute  of  Technology  and 
at  Brown  University.  The  Director  also  gave  an  address  entitled  "The 
Method  of  Research  in  Nutrition"  at  the  Department  of  Agriculture,  in 
Washington,  D.  C. 

Death  of  Miss  Darling. — For  the  first  time  in  the  history  of  the  Laboratory 
it  is  necessary  to  record  the  death  of  a  senior  staff  member,  Miss  Annie 
Newell  Darling,  secretary  and  editor,  who  died  January  25,  1925.  Her  as- 
siduous care  and  excellent  judgment  in  the  editing  of  monographs  and  scien- 
tific papers  have  a  large  share  in  the  proper  record  of  the  scientific  output  of 
this  Laboratory.  In  every  phase  of  laboratory  activity  the  sterling  merit, 
keen  judgment,  and  sympathetic  interest  of  this  remarkable  woman  will  be 
sadly  missed. 

INVESTIGATIONS  IN  PROGRESS. 

Direct  calorimetry  with  an  emission  calorimeter. — An  electrical  compensa- 
tion calorimeter  for  the  direct  measurement  of  the  heat-production  of  small 
animals  has  long  been  in  use  in  this  Laboratory  and  many  researches  have 
been  made  with  it.  Recently  descriptions  of  two  extremely  clever  calori- 
metric  devices  of  this  type  have  been  published,  one  by  Professor  A.  K. 
Noyons  of  the  Department  of  Physiology,  University  of  Louvain,  Louvain, 
Belgium,  the  other  by  Dr.  Paul  Hari  of  the  University  of  Budapest.  The 
experience  of  the  Nutrition  Laboratory  with  a  larger  form  of  calorimeter 
has  progressed  slowly,  but,  as  outlined  in  the  annual  report  for  1924,  the 
apparatus  is  now  in  perfected  form  and  it  is  possible  to  measure  on  a  human 
(clothed  or  nude)  the  carbon-dioxide  production,  the  oxygen  consumption, 
the  water  vaporized,  and  the  heat  eliminated.  In  the  development  of  this 
apparatus  Mr.  V.  Coropatchinsky  has  rendered  signal  aid. 

Measurement  of  the  heat  production  of  humans,  with  varying  conditions  of 
temperature,  humidity,  and  degree  of  covering. — The  important  relationship 
between  the  skin  temperature  and  the  disturbances  in  the  rate  of  heat-loss 
caused  by  disrobing  has  made  the  emission  calorimeter  particularly  helpful 
in  solving  some  of  these  intricate  problems.  In  this  series  of  experiments  we 
have  had  the  assistance  of  Messrs.  V.  Coropatchinsky,  H.  S.  Palmer,  E.  S. 
Mills,  and  Miss  M.  D.  Finn. 

Direct  calorimetry  after  the  ingestion  of  carbohydrate. — The  pronounced 
disturbance  in  the  character  of  the  metabolism  after  the  ingestion  of  a  carbo- 
hydrate, such  as  sucrose,  has  been  studied  by  placing  the  subject  inside  of  the 
emission  calorimeter,  either  with  or  without  clothing,  and  measuring  the 
metabolism  both  before  and  after  the  subject  drinks  a  liquid  containing  100 
grams  of  sucrose.  With  this  combined  calorimeter  and  respiration  apparatus 
it  is  possible  to  study  the  increase  in  heat-production  and  the  changes  in  the 
respiratory  quotient  and  the  heat  radiated,  as  well  as  the  water  vaporized. 
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These  experiments  were  in  charge  of  Mr.  E.  L.  Fox,  assisted  by  Messrs.  V. 
Coropatchinsky,  H.  S.  Palmer,  E.  S.  Mills,  and  Miss  M.  D.  Finn. 

Investigations  of  the  insensible  loss. — The  loss  through  the  lungs  and  skin, 
chiefly  the  water  vaporized,  has  a  close  correlation  with  the  metabolism,  and 
both  at  the  Nutrition  Laboratory  and  particularly  at  the  Deaconess  Hospital 
extensive  series  of  observations  have  been  made  to  study  this  point.  With 
normals,  with  diabetics,  and  with  goitre  cases,  the  loss  in  weight  has  been 
noted  in  15-minute  periods  for  about  2  or  3  hours.  Many  studies  were  made 
with  normals  while  nude,  with  regard  to  the  effect  upon  the  insensible  loss  of 
directing  a  blast  of  air  over  the  body.  By  collecting  the  entire  products  of 
respiration  with  a  mouthpiece  and  suitable  absorbing  vessels,  the  loss  ascrib- 
able  solely  to  the  skin  could  be  determined.  The  increase  in  the  insensible 
loss  due  to  muscular  work  was  measured  by  having  the  subject  ride  a  bicycle 
ergometer  for  a  definite  period  of  time,  the  loss  in  weight  being  noted  as  the 
work  was  prolonged  and  the  intensity  of  work  increased.  The  observations 
at  the  Nutrition  Laboratory  were  in  charge  of  Mr.  E.  L.  Fox  and  those  at  the 
Deaconess  Hospital  were  in  charge  of  Dr.  Howard  F.  Root.  They  were 
assisted,  respectively,  by  Mr.  H.  S.  Palmer  of  the  laboratory  staff  and  Miss 
Marion  L.  Baker  of  Dr.  Joslin's  clinic. 

Metabolism  of  large  ruminants  as  affected  by  changes  in  the  nutritive  plane, 
fasting,  and  environmental  temperature. — The  cooperative  investigation  in 
charge  of  Professor  E.  G.  Ritzman  at  the  Institute  of  Animal  Nutrition, 
University  of  New  Hampshire,  Durham,  New  Hampshire,  now  includes  an 
experimental  plan  whereby  the  metabolism  of  the  animal  is  measured  during 
a  continuous  4-day  respiration  experiment.  During  this  time  the  animal 
does  not  leave  the  chamber,  and  continuous  observations  of  the  gaseous 
metabolism  are  made.  An  unusually  long  series  of  these  very  time-con- 
suming but  most  valuable  experiments  were  carried  out  by  Professor  Ritzman 
with  the  aid  of  Miss  H.  M.  Hilton  and  Mr.  A.  D.  Littlehale.  The  findings 
on  this  year's  work  and  those  of  previous  years  on  fasting  are  now  being 
prepared  in  monograph  form  for  the  Carnegie  Institution  of  Washington. 
The  addition  of  the  gas-analysis  apparatus  of  Dr.  Carpenter  has  enormously 
increased  the  value  of  the  observations  and  made  possible  most  significant 
studies  of  the  changes  in  the  character  of  the  material  oxidized  in  the  body 
of  the  ruminant  after  feeding  and  during  a  period  of  fasting.  The  present 
arrangements  also  make  possible  a  study  of  the  effect  of  pronounced  changes 
in  environmental  temperature  upon  the  metabolism  of  the  ruminant. 

The  energy  needs  of  the  albino  rat. — No  animal  is  at  present  more  used  in 
nutrition  studies  than  is  the  albino  rat.  Owing  to  its  long-established  life 
history  and  the  ease  of  manipulation,  this  animal  has  by  common  consent  been 
accepted  as  the  best  animal  for  testing  the  value  of  practically  all  kinds  of  food. 
The  basal  metabolism  and  the  heat  production  of  the  albino  rat  from  birth 
to  old  age  are  deemed  of  sufficient  importance  to  be  studied,  and  an  investiga- 
tion along  this  line  has  been  in  progress  for  some  little  time  at  Teachers 
College,  New  York,  under  the  direction  of  Professor  Grace  MacLeod,  assisted 
by  Miss  Mary  Shimanovsky. 

A  study  of  conditions  prerequisite  for  basal  metabolism  measurements.^ All  ex- 
perimenters agree  that  complete  muscular  repose  and  the  absence  of  the  after- 
effects of  digestion  are  necessary  for  true  basal  metabolism  measurements. 
It  becomes  of  the  most  vital  importance  to  know  how  long  prior  to  the  experi- 
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ment  the  subject  must  remain  in  repose.  It  has  been  the  custom  in  many- 
hospitals  to  have  the  patient  enter  the  hospital  the  night  before  (thereby 
occupying  a  much-needed  bed),  in  order  to  insure  basal  conditions.  Certain 
observations  at  the  Nutrition  Laboratory  led  to  the  belief  that  the  metabo-  ■ 
lism  measured  under  such  conditions  was  actually  somewhat  lower  than  that 
measured  under  the  conditions  ordinarily  prescribed,  which  involve  a  journey 
from  the  patient's  home  to  the  laboratory,  clinic,  or  physician's  office,  fol- 
lowed by  a  half -hour  of  complete  muscular  repose.  To  analyze  this  point 
critically,  Professor  Elizabeth  E.  Crofts  made  a  series  of  observations  on  a 
group  of  seven  students  at  Mount  Holyoke  College.  The  metabolism  was 
studied  before  the  young  women  got  out  of  bed  in  the  morning,  and  after  they 
had  engaged  in  such  exercise  as  would  approximate  that  of  rising,  dressing, 
and  going  to  the  doctor's  office.  The  results  of  this  investigation  are  now  being 
prepared  for  publication. 

A  device  for  studying  the  respiratory  metabolism  when  walking  or  performing 
muscular  labor. — Two  forms  of  respiration  apparatus,  both  modifications 
of  the  simplified  student  form  of  apparatus  developed  and  described  by  the 
Director  and  Mrs.  Benedict,  have  been  so  far  perfected  as  to  make  possible 
a  study  of  the  heat-production  of  man  while  walking  about  a  room,  climbing 
or  descending  stairs  in  an  office  building  and,  indeed,  indulging  in  rather 
vigorous  muscular  exercise,  such  as  sawing  wood  with  a  hand-saw.  The 
apparatus  was  publicly  demonstrated  at  a  meeting  of  the  Harvard  Medical 
Society  at  the  Peter  Bent  Brigham  Hospital  in  Boston,  Massachusetts, 
on  February  24,  1925. 

A  helmet  apparatus  for  studying  the  gaseous  metabolism. — The  attachment  of 
any  respiratory  appliance  to  the  mouth,  nose,  or  face  usually  results  in  a 
rather  profound  disturbance  in  the  mechanics  of  respiration,  and  thereby 
alters  the  amount  of  carbon  dioxide  removed  from  the  lungs  in  the  process 
of  ventilation,  which  in  turn  modifies  the  respiratory  quotient  or  the  ratio 
between  the  carbon  dioxide  excreted  and  the  oxygen  absorbed.  Since  this 
quotient  is  of  great  value  in  studying  and  interpreting  the  character  of  the 
combustion  going  on  in  the  body,  a  respiratory  device  to  eliminate  this  dis- 
turbing element  is  necessary.  When  the  subject  is  lying  quietly  inside  a 
respiration  chamber,  the  respiration  is  perfectly  normal.  The  chamber 
apparatus  is  at  best  somewhat  cumbersome,  however,  and  a  much  simpler 
type  of  apparatus  is  highly  desirable.  For  this  purpose  a  simple  form  of 
helmet  has  been  devised,  which  gives  most  satisfactory  results  and  enables 
measurements,  as  accurate  and  rapid  as  desired,  of  the  change  in  respiratory 
quotient  due  to  any  superimposed  factor,  particularly  that  of  the  ingestion  of 
carbohydrate.  With  this  apparatus  Mr.  E.  L.  Fox  is  studying  the  effect 
of  the  ingestion  of  carbohydrate,  paralleling  experiments  made  with  the  emis- 
sion calorimeter. 

Further  experiments  with  the  neutral  bath. — A  research  recently  published 
by  the  Nutrition  Laboratory  indicated  that  the  metabolism  is  not  decreased 
during  a  neutral  bath  but  may  even  be  slightly  increased.  The  experiments 
of  Professor  Andre  Mayer  of  Paris  corroborate  this  finding,  and  in  addition, 
indicate  that  in  a  few  instances  there  may  be  a  fairly  distinct  after-effect 
some  time  following  the  bath.  This  phase  of  the  problem  was  not  studied 
by  the  Nutrition  Laboratory  in  its  first  research,  but  during  the  winter  of 
1924-1925  the  after-effect  of  the  neutral  bath  has  been  investigated  with  one 
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of  the  Laboratory's  former  subjects,  the  measurements  being  carried  out  in 
conjunction  with  Miss  M.  D.  Finn.  The  search  for  any  agencies,  body 
positions,  or  physiological  states  that  will  reduce  metabolism  below  that 
conventionally  termed  the  "basal  metabolism"  is  still  being  prosecuted. 

PUBLICATIONS. 

(1)  Influence  sur  le  metabolisme  de  la  position  du  corps  et  des  moindres  mouvements  muscu- 

laires.    Francis  G.  Benedict  and  Cornelia  Golay  Benedict.     Bull.  Soc.  Sci.  d'Hygiene 
Alimen.,  vol.  12,  pp.  480-506  (1924). 

The  necessity  for  complete  muscular  repose  during  measurements  of  the 
basal  metabolism  has  always  been  emphasized  by  workers  on  this  problem. 
Certain  critics  had  argued  that  unnecessary  stress  had  been  laid  upon  this 
point  and  that  minor  muscular  movements  were  without  significance.  That 
the  metabolism  is  increased  when  subjects  are  standing  over  that  when  they 
are  lying  has  been  commonly  observed,  but  the  increase  due  to  the  change  in 
position  from  lying  to  sitting  has  been  debated.  This  research  undertook 
the  study  of  the  metabolism  of  an  especially  well-trained  subject  when 
sitting  as  compared  to  lying  and  when  standing  as  compared  to  lying.  The 
increase  due  to  the  sitting  position  was  3  per  cent.  When  the  subject  stood, 
the  increment  was  not  far  from  10  per  cent,  and  the  conclusion  is  justified 
that  the  increased  metabolism  in  the  standing  position  is  determined  in  large 
part  by  the  degree  of  repose  and  the  muscular  coordination  of  the  individual, 
particularly  with  the  suppression  of  extraneous  muscular  movements  and 
body  sway.  When  the  subject  is  lying  on  the  back,  if  the  hand  is  moved  from 
the  side  to  the  forehead  and  returned  once  every  4  seconds,  the  metabolism 
is  perceptibly  increased,  but  when  the  increase  due  to  each  individual  move- 
ment is  considered,  one  such  movement  in  a  10-minute  period  would  not 
appreciably  affect  the  metabolism.  On  the  other  hand,  when  the  legs  are 
crossed  and  uncrossed  every  20  seconds,  this  movement  is  of  sufficient  magni- 
tude to  disturb  the  consumption  of  oxygen  noticeably.  The  general  conclu- 
sion is  reached  that  there  is  no  reason  whatsoever  for  abandoning  the  strict 
control  of  muscular  movements  during  measurements  of  basal  metabolism. 

(2)  Body  posture  and  minor  muscular  movements  as  affecting  heat  production.    Francis  G. 

Benedict  and  Cornelia  Golay  Benedict.     Proc.  Nat.  Acad.  Sci.,  vol.  10,  pp.  498-500 
(1924). 

An  abbreviated  presentation  of  the  material  in  the  foregoing  article. 

(3)  Influence  sur  le  metabolisme  basal  du  milieu  thermique  ambiant.     Francis  G.  Benedict 

and  Cornelia  Golay  Benedict.     Bull.  Soc.  Sci.  d'Hygiene  Alimen.,  vol.  12,  pp. 
541-575  (1924). 

Based  primarily  upon  the  fact  that  from  the  warm  skin  heat  must  be  lost 
to  a  cold  environment,  criticism  has  been  made  of  the  measurement  of  the 
basal  metabolism  of  humans  at  the  ordinary  temperature  of  20°  C,  even  if 
the  subject  is  clothed  and  lightly  covered,  and  it  has  been  argued  that  basal 
metabolism  can  be  measured  only  when  the  subject  is  immersed  in  a  neutral 
water  bath  having  a  temperature  of  about  35°  or  36°  C.  This  criticism, 
together  with  the  tremendous  importance  of  the  neutral  bath  in  the  treat- 
ment of  disturbed  mental  cases,  made  a  study  of  the  effect  of  the  neutral 
bath  of  unusual  interest.  With  four  subjects  the  effect  of  the  neutral  bath 
on  basal  metabolism  was  studied  in  a  large  number  of  experiments.  The 
basal  metabolism  was  first  measured  at  the  Laboratory  in  a  room-temperature 
of  about  15°  C.  After  disrobing,  the  subject  entered  a  neutral  bath  and  meas- 
urements were  continued  there  for  one  hour  or  more.     The  temperature  of  the 
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neutral  bath  was  changed  in  different  experiments  from  33°  to  38°  C.  In 
practically  no  case  was  the  metabolism  depressed  by  the  neutral  bath. 
Indeed,  in  nearly  every  case  it  was  actually  somewhat  increased,  an  increase 
which  was  likewise  noted  in  general  in  the  pulse-rate,  the  respiration-rate,  and 
the  pulmonary  ventilation.  It  is  thus  clear  that  the  special  provision  for 
thermic  neutrality  was  essentially  without  effect  upon  the  heat-production 
and  that  the  loss  of  heat  to  the  environment  was  in  large  part  independent 
of  the  heat-production. 

(4)  The  neutral  bath  and  its  relation  to  body  heat.     Francis  G.  Benedict  and  Cornelia  Golay 

Benedict.     Proc.  Nat.  Acad.  Sci.,  vol.  10,  pp.  495-498  (1924). 

An  abbreviated  presentation  of  the  material  in  the  foregoing  article. 

(5)  The   correlation   between    perspiratio   insensibilis   and   total   metabolism.     Francis   G. 

Benedict.  Collection  of  articles  dedicated  to  the  75th  birthday  of  Professor  I.  P. 
Pawlow,  published  from  the  Institution  of  Experimental  Medicine  in  Leningrad, 
1924,  p.  193. 

In  perspiratio  insensibilis  the  larger  loss  in  the  resting,  quiet  man  is  from 
the  lungs  and  not  from  the  skin.  The  amount  given  off  from  the  lungs 
depends  upon  the  volume  of  inspired  air,  which  in  turn  is  controlled  by  the 
carbon  dioxide  produced,  a  general  index  of  the  total  metabolism.  With 
carefully  controlled  weighings  it  is  found  that  the  insensible  loss  is  very  closely 
proportional  to  the  size  of  the  individual  and  the  muscular  activity.  The 
experiments  have  been  extended  to  600-kilogram  steers  during  full  feeding 
and  during  fasting,  and  the  generalization  holds  true  with  remarkable  ac- 
curacy. It  seems  possible,  therefore,  that  the  classic  perspiratio  insensibilis 
may,  at  the  present  day,  have  value  in  enabling  clinicians,  by  a  series  of 
careful  weighings  of  the  subject,  the  intake,  and  the  output,  to  approximate 
the  total  daily  metabolism. 

(6)  Prolonged  fasting  as  affecting  the  composition  of  steers'  urine.     Thorne  M.  Carpenter. 

Proc.  Nat.  Acad.  Sci.,  vol.  11,  pp.  155-160  (1925). 

The  urines  of  two  steers,  which  weighed  about  690  kg.  each  and  which 
had  been  for  2\  months  on  a  submaintenance  ration,  were  collected  in 
periods  of  12  hours  or  more  during  10  days  of  abstinence  from  food.  Con- 
centrated hydrochloric  acid  placed  in  the  receptacles  into  which  the  urine 
was  voided  preserved  the  samples  for  analysis  very  satisfactorily.  A  study 
was  made  of  the  nitrogen  distribution,  phenols,  three  forms  of  sulphur,  and 
the  acetone  bodies,  as  well  as  the  total  fixed  bases  and  organic  acids.  The 
total  nitrogen  in  the  urine  of  one  of  the  steers  was,  for  the  most  part,  very 
constant  at  about  38  grams  per  day,  but  the  total  nitrogen  excreted  by  the 
other  animal  was  much  more  irregular,  the  amounts  varying  from  2.78  to  1.09 
grams  per  hour.  The  level  of  the  nitrogen  metabolism  in  man  under  condi- 
tions comparable  with  those  to  which  these  two  animals  were  subjected 
would  be  about  5  or  6  grams  per  day,  a  level  which  is  as  low  as  that  noted  by 
Folin  with  a  man  on  a  diet  of  starch  paste  and  cream.  The  ammonia-nitro- 
gen in  the  case  of  the  two  animals  ranged  from  1.1  to  7.7  per  cent  of  the  total 
nitrogen.  With  one  animal  there  was  a  slight  tendency  for  the  ammonia- 
nitrogen  to  increase  in  the  latter  part  of  the  fast,  although  the  ammonia-nitro- 
gen results  as  a  whole  gave  no  indication  of  acidosis.  The  urea-nitrogen 
ranged  for  the  two  animals  from  26.4  to  75.4  per  cent,  a  smaller  proportion 
being  eliminated  in  the  earlier  part  of  the  fast.  The  proportion  of  total 
nitrogen  as  hippuric  acid  decreased  markedly  from  approximately  27  per  cent 
to  under  2  per  cent  within  2  or  3  days.  The  amino-acid  nitrogen  constituted 
a  considerable  proportion  of  the  total  nitrogen  (about  19  per  cent)  at  the 
beginning  of  the  fast,  but  after  2  to  4  days  it  was  under  1  per  cent.     The 
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preformed  and  total  creatine  for  both  steers  was  uniform  throughout  the 
fast,  and  the  preformed  creatinine  nitrogen  was  for  the  most  part  under 
15  per  cent  of  the  total  nitrogen.  The  creatinine  coefficient  (the  24-hour 
creatinine  divided  by  the  body-weight)  found  with  these  animals  was 
strikingly  similar  to  that  of  a  fasting  man  studied  by  Benedict.  In  contrast 
with  man  the  fast  did  not  increase  the  creatine  elimination.  The  amounts 
of  free  and  conjugated  phenols  decreased  as  the  fast  progressed,  but  neither 
entirely  disappeared.  The  percentages  of  sulphur  in  the  three  forms  varied 
widely  in  both  quantity  and  distribution.  The  fixed  bases  fell  off  with  both 
animals  until  the  seventh  or  eighth  day  of  the  fast,  when  there  was  a  marked 
rise,  the  interpretation  being  that  this  rise  might  result  from  a  diminution  in 
body-fluids  or  a  destruction  of  bone  or  other  organized  body-material.  The 
acetone  bodies  were  extremely  low  for  animals  of  this  size  throughout  the 
fast,  and  showed  no  tendency  to  increase  as  the  fast  progressed.  This  fact, 
together  with  the  low  amounts  of  ammonia,  indicates  that  these  animals,  like 
the  dog  and  the  cat,  exhibited  no  tendency  toward  ketosis  during  fasting,  in 
spite  of  the  fact  that  the  respiratory  quotients  approached  to  a  fasting  value 
as  rapidly  as  with  man.  This  suggests  the  possibility  that  the  ratio  of  carbo- 
hydrate to  fat  katabolized  is  not  the  cause  of  ketosis,  but  that  ketosis  is  due 
to  some  other  factor. 

(7)  Alcohol  and  human  physiology.     Francis  G.  Benedict.     Indus,  and  Eng.  Chem.,  vol. 

17,  pp.  423-426  (1925). 

A  general  summary  of  the  Nutrition  Laboratory's  rather  extended  experi- 
ence in  studying  the  nutritional  value  and  the  psychological  effects  of  alcohol 
was  presented  before  the  American  Chemical  Society  at  an  Intersectional 
Meeting  held  in  Boston,  January  10,  1925.  Stress  was  laid  upon  the  facts 
that  alcohol  in  not  too  great  doses  (72  grams  per  day)  is  completely  oxidized 
in  the  body,  that  it  can  spare  other  material  from  being  burned  and  thus 
contributes  to  the  formation  of  fat,  and  that  from  this  standpoint  it  may 
properly  be  designated  as  a  food.  The  inevitable  and  invariable  depression 
of  the  neuro-muscular  processes  following  even  small  doses  makes  the  use 
of  alcohol  particularly  in  an  American  environment  highly  undesirable,  if  not 
indeed  dangerous.  Making  allowance  for  the  pleasure  of  the  social  glass,  for 
the  euphoria  and  the  stimulus  produced  by  the  release  of  inhibitions,  one 
can  not  but  believe  that  the  need  for  a  keen  perception,  rapid  muscular 
coordination,  and  unimpaired  judgment  in  everyday  American  life,  with  its 
high  tension,  makes  those  who  use  even  amounts  formerly  designated  as 
"permissible"  a  real  menace  to  society,  especially  when  they  attempt  to  drive 
an  automobile  in  American  traffic  conditions. 

(8)  The  temperature  of  the  human  skin.     Francis  G.  Benedict.     Asher-Spiro's  Ergebnisse 

der  Physiologie  (Festschrift  fur  Leon  Asher),  Supplement-Band,  1925. 

Since  one  of  the  chief  problems  of  the  Nutrition  Laboratory  is  a  study  of 
the  laws  governing  heat-production  and  heat-loss,  so  important  a  factor  as 
skin-temperature  could  not  be  neglected.  In  1919  an  apparatus  was  devised 
at  the  Laboratory  for  rapid  and  accurate  estimation  of  the  skin  temperature 
by  a  thermo-electric  method,  with  which  a  complete  survey  of  the  skin-tem- 
perature at  about  thirty  points  on  the  skin  may  be  made  in  a  very  few  min- 
utes with  an  accuracy  within  0.1°  C.  Studies  recently  completed  include  a 
survey  of  the  skin-temperature  after  prolonged  protection  by  bed-clothing 
over  night  and  after  protection  by  ordinary  clothing  during  the  day  in  a  room 
of  uniform  temperature,  a  survey  of  the  skin-temperature  of  laboratory  assist- 
ants, normally  clothed,  walking  about  the  laboratory,  and  a  study  of  the 
effect  of  sudden  exposure  to  a  cold  environmental  temperature. 
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(9)  Some  physiological  effects  of  hot-air  baths.     Cornelia  Golay   Benedict,   Francis   G. 

Benedict,  and  Eugene  F.  Du  Bois.     Am.  Jour.  Physiol.,  vol.  73,  pp.  429-448  (1925). 

The  loss  of  heat  from  the  nude  body,  when  bathed  in  a  current  of  hot,  dry 
air,  is  of  importance  both  from  the  standpoint  of  physiology  and  climate. 
The  subject  was  placed  in  a  bag,  tightly  fitted  about  the  neck  and  feet,  and  a 
blast  of  hot  air  at  a  temperature  of  about  85°  C.  was  passed  into  the  bag. 
Enormous  amounts  of  water  were  vaporized,  indeed  to  such  an  extent  that 
the  cooling  effect  upon  the  skin  of  the  subject  was  such  as  to  maintain  the 
temperature  of  the  body-trunk  essentially  normal.  The  skin-temperature 
rose  in  general,  but  never  exceeded  that  of  the  rectal-temperature.  Thus  the 
body  acted  as  a  large  wet-bulb  thermometer. 

(10)  Human  metabolism  in  an  environment  of  heated  air.     Cornelia  Golay  Benedict,  Francis 

G.  Benedict,  and  Eugene  F.  Du  Bois.      Proc.  Nat.  Acad.  Sci.,  vol.  11,  pp.  371-373 
(1925). 

An  abbreviated  presentation  of  the  material  in  the  foregoing  article. 

(11)  The  basal  metabolism  of  some  Orientals.     Grace  MacLeod,  Elizabeth  E.  Crofts,  and 

Francis  G.  Benedict.     Am.  Jour.  Physiol.,  vol.  73,  pp.  449-462  (1925). 

In  studying  the  basal  metabolism  of  college  women  it  was  noted  that  the 
9  Chinese  and  Japanese  subjects  studied  showed  on  the  average  a  metabolism 
11  per  cent  lower  than  that  of  their  American  classmates.  This  low  metab- 
olism is  not  due  to  body-size,  for  the  comparison  was  made  on  the  basis  of  a 
unit  of  surface  area.  It  represents  a  distinct  racial  factor,  as  yet  unrecog- 
nized in  metabolism  measurements.  Confirmatory  evidence  just  received 
from  Japan  indicates  that  the  Oriental  in  his  native  land  has  a  low  metab- 
olism. This  research  shows  that,  although  transplanted  to  an  American 
environment,  partaking  of  American  food,  and  living  the  life  of  the  active 
American  college  undergraduate,  these  Orientals  retained  their  inherited 
low  metabolism. 

(12)  The  racial  factor  in  metabolism.     Grace  MacLeod,  Elizabeth  E.  Crofts,  and  Francis  G. 

Benedict.     Proc.  Nat.  Acad.  Sci.,  vol.  11,  pp.  342-343  (1925). 

An  abbreviated  presentation  of  the  material  in  the  foregoing  article. 

(13)  The  oxy-calorimeter.     Principle  and  application  to  the  determination  of  energy  values  of 

fuels,  foods,  and  excretory  products.     Francis  G.  Benedict  and  Edward  L.  Fox. 
Indus,  and  Eng.  Chem.,  vol.  17,  pp.  912-918  (1925). 

Energy  plays  a  most  fundamental  role  in  the  nutrition  and  life  of  mankind, 
not  only  in  regard  to  his  own  existence  (dealing  with  the  energy  of  food,  ex- 
creta, and  body-heat)  but  likewise  in  the  heat  required  for  industrial  and 
domestic  operations.  The  determination  of  the  energy  value  of  foods  usually 
requires  a  very  elaborate  and  costly  apparatus,  the  calorimetric  bomb.  In  the 
development  of  some  of  the  simpler  forms  of  respiration  apparatus  used  in 
the  Nutrition  Laboratory,  it  was  found  possible  to  apply  the  principles  of 
these  apparatus  to  measuring  quantitatively  the  oxygen  consumed  in  the  com- 
bustion of  a  weighed  amount  of  food  or,  indeed,  of  industrial  fuels.  The  appa- 
ratus was  developed  and  its  accuracy  controlled  to  such  an  extent  that  it  is 
now  possible  to  determine  the  energy  value  of  coal,  coke,  and  fuel  oil  to 
within  1  per  cent,  while  the  energy  value  of  foods,  which  are  subject  to  much 
greater  error  in  sampling,  may  be  determined  with  an  even  simpler  form  of 
apparatus  to  within  about  2  per  cent.  This  apparatus  in  its  simplest  form 
was  exhibited  at  the  Carnegie  Institution  of  Washington  in  December  1924. 
The  published  description  gives  the  details  of  the  more  elaborate  form  for  the 
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use  of  fuel  engineers  and  the  simpler  form  for  the  use  of  hospitals  and  dietetic 
laboratories,  and  for  use  in  nutrition  investigations  in  general. 

(14)  The  control  of  gaseous  metabolism  apparatus.     Francis  G.  Benedict.     Boston  Med. 
and  Surg.  Journ.,  vol.  193,  pp.  583-591  (1925). 

In  view  of  the  tremendous  increase  in  the  number  of  respiration  apparatus 
used  for  measuring  the  basal  metabolism  of  humans  throughout  the  United 
States  and  in  view  of  the  lack  of  provision  for  the  control  of  the  accuracy  of 
such  apparatus,  a  special  device  was  developed  to  make  accurate  check  tests 
by  burning  known  amounts  of  pure  alcohol.  With  this  device  it  is  possible 
to  control  every  type  of  gaseous  metabolism  apparatus.  The  device  is  actu- 
ated by  compressed  air  or  vacuum.  Its  essential  features  are  a  glass  com- 
bustion-chamber, a  burette-raising  device  to  introduce  alcohol  quantitatively 
into  the  combustion-chamber,  and  a  small  spirometer,  the  movements  of 
which  simulate  the  normal  respiration  of  man.  With  this  device  respiratory 
valves  may  be  tested  for  ease  of  operation  and  total  delivery,  and  both  open- 
circuit  and  closed-circuit  respiration  apparatus  (including  respiration  cham- 
bers of  any  size)  and  also  various  forms  of  gas-analysis  apparatus  may  be 
controlled. 


LABORATORY  FOR  PLANT  PHYSIOLOGY.1 

D.  T.  MacDougal,  Director. 

The  account  of  the  activities  of  members  of  the  Department  and  associates 
given  below  includes  descriptions  of  published  and  unpublished  results  in 
photosynthesis,  respiration,  growth,  hydration  reactions  of  cell-masses  and 
of  colloids,  permeability,  movements  and  pressures  of  sap,  etc.  In  accord- 
ance with  one  of  the  main  purposes  for  which  the  Desert  Laboratory  was 
established,  much  experimental  work  is  done  in  the  open.  Consistent  and 
continued  attempts  are  made  to  correlate  physiological  measurements,  such 
as  those  made  by  Professor  Ulehla,  with  the  inevitable  relation  of  the  plant 
to  its  environment. 

Extended  phytogeographical  movements  including  those  implied  in  the  cycle 
of  the  Salton  Sea,  in  the  vast  alterations,  partly  due  to  vegetation  in  the  main 
delta  of  the  Colorado  River,  have  received  continued  attention.  Direct 
experience  and  observations  on  these  features  by  persons  who  are  or  have  been 
associated  with  the  Department  now  covers  about  70  years. 

The  present  year  has  been  one  of  minimum  rainfall  at  the  Desert  Labor- 
atory and  over  a  region  including  Sonora,  Mexico,  and  much  of  Arizona,  fol- 
lowing two  previous  seasons  of  low  precipitation.  The  opportunities  for 
study  of  the  behavior  of  desert  vegetation  in  such  crises  are  unexampled,  and 
may  not  be  duplicated  in  a  half  century. 

GROWTH. 

Accretion  and  Distention  in  Plant  Cells,  by  D.  T.  MacDougal. 

The  fact  that  two  distinct  phases  or  stages  of  accretion  and  distention  may 
be  recognized  in  the  growth  and  development  of  the  plant  cell  has  been  dis- 
cussed in  papers  published  during  the  last  two  years.  The  generalizations 
which  work  in  this  laboratory  as  established  or  confirmed  are  as  follows: 

Growth,  or  enlargement  and  differentiation,  consist  essentially  of  two 
groups  of  reactions,  synthesis,  or  condensations  of  proteins  and  carbohydrates 
in  the  accumulation  of  material  in  initial  elements  preceding  and  following 
mitosis,  and  subsequent  hydrolysis  and  distention. 

The  formation  of  proteins  and  of  lipins  characterizes  the  earlier  stage. 
Beginning  with  the  appearance  of  pentosans  in  the  cell  plate,  condensation  of 
the  sugars  progresses  with  a  consequent  increase  of  mucilages  in  the  plasma 
and  cellulose  of  the  wall.  Hydrolysis  or  hydration  of  the  pentosan-protein 
plasma  may  be  tentatively  attributed  to  the  action  of  acidic  or  basic  amino- 
compounds  which,  emanating  from  the  nucleus,  may  be  carried  into  the  cyto- 
plasm by  the  chondriosomes.  These  substances  would  be  freed  from  the 
chondriosomes  by  incoming  electrolytes  and  are  known  to  cause  a  greatly 
exaggerated  swelling  of  biocolloidal  mixtures  simulating  cytoplasm. 

Permeability,  which  is  greatest  in  the  youngest  stage,  lessens  toward  ma- 
turity, probably  by  the  action  of  absorbed  and  adsorbed  electrolytes. 

The  greatest  distention  of  a  cell  takes  place,  not  precisely  at  the  isoelectric 
point  of  its  proteins,  but  at  a  hydrogen-ion  concentration  and  under  other 
conditions  of  electrolytic  action  in  which  the  complex  layer  is  in  a  condition 
of  least  permeability. 

1  Situated  at  Tucson,  Arizona,  and  Carmel,  California. 
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The  actual  dry  weight  of  a  protoplast  does  not  increase  during  the  disten- 
tion stage  which  may  be  identified  with  increasing  hydrolysis  of  proteins  and 
condensations  of  carbohydrates,  some  of  which  go  into  wall  formation.  In 
elements  of  the  xylem  or  wood  the  plasmatic  material  is  chiefly  converted 
into  wall  structure.  In  some  instances  hydrolysis  operates  to  give  cells, 
organs,  or  entire  plants  a  proportionate  higher  water  content  at  maturity 
than  in  the  earlier  stages. 

The  earlier  changes  in  volume  of  the  protoplast  are  due  to  imbibition  and 
swelling.  The  later  increases  are  the  result  of  the  osmotic  action  of  sub- 
stances in  solution  in  syneretic  cavities  or  vacuoles.  Both  are  due  ultimately 
to  differences  in  forces  referable  to  vapor  pressure. 

Turgidity  or  increase  in  volume  of  the  cell  is  determined  by  the  permea- 
bility of  the  plasmatic  layers  and  walls,  especially  to  the  substances  in  the 
cell-sap,  and  is  the  resultant  of  the  combined  action,  not  only  of  the  hydrogen- 
ion,  but  of  all  charged  particles  or  ions  which  enter  into  or  impinge  on  the  cell 
on  the  one  hand  and  by  the  activity  of  the  cell-sap  on  the  other. 

Records  of  growth  in  trees  show  no  variations  indicative  of  an  inherent 
periodicity  in  living  matter. 

Dendrographic  Studies  of  Growth  in  Trees,  by  D.  T.  MacDougal. 

Thirteen  dendrographs  are  kept  in  continuous  operation  on  Monterey 
pines,  10  are  used  only  from  April  to  October  to  follow  the  growing  season 
on  the  coast  redwood,  1  has  been  maintained  on  a  tree  cactus  for  several  years, 
and  a  few  others  are  used  for  shorter  periods  with  the  result  that  each  year 
records  of  growth  for  25  or  more  seasons  are  added  to  the  files. 

The  systematized  information  thus  made  available  makes  it  possible  to 
determine  the  effects  of  various  agencies,  environmental  and  experimental 
in  terms  of  growth.  Thus  correlation  of  the  rate,  total  amount,  and  duration 
of  wood  formation,  with  various  features  of  annual  precipitation  may  be 
measured.  The  effects  of  pruning,  topping,  girdling,  defoliation,  irrigation, 
and  other  practices  of  horticulture  and  forestry  may  be  evaluated  with  fair 
accuracy  on  the  dendrographic  records.  These  also  yield  information  as  to 
the  reactions  of  trees  to  the  ravages  of  beetles,  etc.,  and  to  other  pathologic 
disturbances.  Especial  attention  has  been  paid  to  the  action  of  the  hydro- 
static system  of  the  tree  during  the  year,  the  attempt  being  made  to  interpret 
variations  in  volume  in  terms  of  sap-tension  and  movement. 

Reversible  Variations  in  Volume  of  Stems  and  Movement  of  Sap, 
by  D.  T.  MacDougal. 

Dendrographic  studies  of  trees  have  made  it  apparent  that  during  the  part 
of  the  day  when  the  stomatal  slits  are  open  and  the  possibilities  of  transpira- 
tion are  greatest  that  stems,  especially  the  trunks  of  trees,  shrink  or  contract 
and  that  expansion  takes  place  during  the  remainder  of  the  diurnal  period 
when  the  stomata  are  closed,  or  in  periods  of  rainfall  or  high  humidity,  when 
transpiration  is  minimized.  Trees  of  the  common  types  such  as  maple, 
beech,  oak,  poplar,  pine,  and  redwood,  contract  during  a  part  of  the  day- 
light period,  and  expand  mostly  in  the  evening  and  at  night.  The  cacti,  on 
the  other  hand,  following  a  specialized  stomatal  program,  contract  at  night 
and  expand  during  the  daylight  period. 
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The  change  from  expansion  to  contraction  may  be  very  abrupt.  Thus 
within  15  minutes  after  the  morning  rays  of  the  sun  strike  the  crown  of  a  red- 
wood tree,  the  increased  tension  set  up  and  communicated  to  the  base  of 
the  trunk,  a  distance  of  22  meters  from  the  lowermost  branches,  through  the 
cohesive  meshwork  of  water  in  the  cells  may  set  up  contraction  of  a  massive 
trunk  135  cm.  in  diameter.  The  onset  of  expansion  at  the  close  of  the  day  is 
much  more  gradual. 

The  expansion  phase  of  a  stem  may  be  increased  by  additional  supplies 
of  moisture  in  the  soil  with  but  little  modification  of  any  feature  of  con- 
traction except  its  duration. 

It  is  notable  that  the  phases  of  variation  in  volume  of  a  root  may  be  op- 
posed to  those  of  the  trunk.  A  root  may  expand  during  the  contraction  of 
the  stem. 

While  the  two  changes  in  volume  of  trunks  are  correlated  in  a  general 
way  with  the  state  of  tension  in  the  cohesive  liquid  meshwork  of  sap,  yet  no 
direct  and  close  correlation  has  been  found  between  changes  in  positive  or 
exudation  pressure  and  absorption,  suction  or  negative  pressure  registered 
by  manometers  attached  to  stumps  of  roots,  branches,  or  stems,  or  connected 
with  bore-holes  made  in  stems.  The  hydrostatic  system  of  a  tree  is  so  com- 
plex and  intricate  that  while  the  positive  pressure  in  the  basal  part  of  a  trunk 
of  a  young  walnut  tree  is  decreasing,  finally  changing  to  suction,  suction 
force  of  a  branch  may  be  diminishing.  The  body  of  moving  liquid  in  a  tree 
is  drawn  on  by  many  pumps  of  varying  capacity,  and  speed  of  flow  in  replace- 
ment of  local  losses  doubtless  plays  an  important  part. 

Variations  in  volume  of  stems  are  due  chiefly  to  alterations  in  water  con- 
tent of  conducting  tracts  of  wood  and  degree  of  distention  of  living  elements  in 
the  cambium  and  phloem.  Calculated  on  the  basis  of  the  entire  stem  these 
variations  amount  to  as  much  as  one  part  in  170  in  small  trees,  and  one  part  in 
1,250  in  old  trunks.  The  change  in  the  cells  actually  concerned  may  be  as 
much  as  2  or  3  parts  in  100.1 

The  above  facts  suggest  that  a  closer  analysis  of  facts  of  reversible  varia- 
tions, changing  pressures,  and  transpiration  as  modified  by  stomatal  action 
will  be  necessary  for  a  full  and  adequate  interpretation  of  the  mechanism 
of  the  ascent  of  sap. 

HYDRATION  AND  PERMEABILITY. 

Hydrophilic  Effect  of  Ions  on  Agar  and  Protoplasmic  Components,  by  D.  T. 

MacDougal  and  B.  L.  Clarke. 

It  was  held  by  the  late  Professor  Loeb  that  the  differential  effects  of  the 
common  bases,  such  as  potassium,  sodium,  calcium,  in  solution  on  the  hy- 
dration of  colloids,  as  expressed  in  the  Hofmeister  series,  did  not  hold.  This 
conclusion  seems  to  have  been  reached  chiefly  on  results  of  experiments  with 
gelatin. 

Scores  of  workers  have  shown  that  the  action  of  these  substances  as  ex- 
pressed in  the  lyotropic  series  is  apparent  when  dealing  with  living  cell-masses, 
and  the  results  of  the  senior  author  prove  that  these  differential  effects  are 
discernible  in  the  hydration  reactions  of  agar  and  agar  protein  mixtures. 
(See  Ann.  Rept.  this  Dept.  for  1923,  pp.  50,  51.) 

XD.  T.  MacDougal,  Reversible  variations  in  volume  pressure,  and  movements  of  sap  in  trees,  Car- 
negie Inst.  Wash.  Pub.  No.  365  (1925). 
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Apparently  unaware  of  this  vast  mass  of  evidence,  Dokan  and  others  in 
Michaelis's  laboratory  have  determined  that  the  Hofmeister  series  holds  for 
agar  at  concentrations  of  salts  above  0.1N,  but  not  in  weaker  solutions,  a 
limitation  due  to  the  crudeness  of  the  methods  employed.  It  is  true  that  no 
sound  physical  basis  has  yet  been  found  upon  which  the  unequal  action  of  ions 
on  hydration  could  be  rested,  but  the  facts  are  amply  confirmed. 

Dr.  Michaelis  suggests  that  the  effects  of  the  various  ions  resting  upon 
their  differential  attraction  for  water  may  be  referable  to  atomic  radii.  Not 
much  profitable  effort  may  be  expended  in  testing  this  theory  until  some 
better  agreement  is  reached  as  to  the  method  of  computation  of  such  radii. 

Currency  has  also  been  given  to  the  statement  that  the  swelling  or  hydration 
increase  of  agar  in  water  is  lessened  by  the  substance  dissolved  in  it.  Such 
changes  in  volume  have  been  measured  repeatedly  in  this  laboratory  by  the 
auxograph  designed  chiefly  for  this  purpose.  The  results  demonstrate  in 
no  uncertain  manner  that  plates  of  common  agar,  air-dry,  containing  about 
25  per  cent  of  water,  and  2.5  to  3  per  cent  ash,  at  16°  to  18°  C.  show  an  increase 
in  volume  in  excess  of  that  in  water  in  chlorides  and  hydroxides  of  sodium, 
potassium,  calcium,  and  magnesium  at  concentrations  ranging  between 
0.001M  and  0.0001M  in  different  cases. 

These  differences  are  not  easily  appreciable  by  the  crude  method  of  weighing 
small  blocks  of  the  jelly,  yet  it  has  been  done  by  Fairbrother  and  Mastin,  who 
were  also  ignorant  of  our  results. 

It  is  to  be  noted  that  the  results  in  question  may  not  be  discernible  in 
agar  dried  to  a  moisture  content  of  1  per  cent  or  less  before  hydration  as 
described  by  the  junior  author  in  another  section  of  this  report.  It  is  also 
doubtful  whether  changes  which  can  be  measured  in  "  low-ash"  agar  provided 
by  Professor  C.  K.  Mees  of  the  Research  Laboratories  of  the  Eastman 
Kodak  Company,  would  be  parallel  to  those  described  above. 

Agar  as  commonly  known  is  a  salt  of  calcium  and  other  bases,  and  might 
be  expected  to  vary  in  behavior  when  some  of  these  bases  are  taken  away  by 
electro-endosmosis.  Changes  in  viscosity,  acidity,  and  other  qualities  are 
produced  which  would  affect  molecular  arrangement  and  water-holding 
capacity. 

Physico-Chemical  Basis  of  Colloidal  Swelling,  by  Beverly  L.  Clarke. 

Of  all  the  phenomena  classed  as  colloid  chemical,  perhaps  none  has  re- 
ceived as  little  attention  from  a  strictly  physico-chemical  point  of  view  as 
that  of  swelling.  A  recent  notable  exception  is  the  exhaustive  investigation 
by  Katz1  of  the  laws  of  swelling.  This  author  draws  the  conclusion  that 
swelling  is  perfectly  analogous  to  mixing;  i.  e.,  that  the  intake  of  water 
by  a  block  of  gelatin  or  agar  is  strictly  comparable  to  what  occurs  when 
water  and  sulfuric  acid  are  mixed.  For  many  reasons  this  explanation  seems 
to  the  writer  inadequate  to  account  for  the  diverse  phenomena  exhibited  by 
swelling  bodies. 

It  has,  therefore,  seemed  desirable  to  institute  a  comprehensive  investiga- 
tion designed  ultimately  to  reconcile  the  phenomenon  of  swelling  with  the 
fundamental  laws  of  physics  and  chemistry.  More  specifically,  it  is  hoped 
to  answer  the  question:  What  variables  determine  the  extent  of  imbibition 
of  a  liquid  by  a  gel,  and  what  is  the  form  of  the  function  ? 

Katz,  Die  Gesetze  der  Quellung,  Kolloidchem.  Beihefte,  vol.  9,  1  (1917). 
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The  first  step  in  this  investigation1  was  the  study  of  the  quantitative 
influence  on  the  swelling  capacity  of  an  agar  gel  (agar  was  selected  as  a 
material  because  of  its  biological  interest,  and  because  of  its  simple  chemical 
composition  relative  to  other  such  hydrophilic  colloids)  of  the  water-content 
or  degree  of  hydration  of  the  gel  immediately  before  swelling. 

Workers  in  swelling  have  commonly  made  the  tacit  assumption  that  the 
more  one  dried-out  an  agar  gel,  the  more  it  would  swell  when  placed  in  water. 
There  was  in  fact  no  reason  to  suspect  that  the  curve  showing  swelling  capacity 
plotted  against  water-content  before  swelling  would  show  other  than  a  uni- 
form rise  toward  regions  of  higher  swelling  as  initial  degree  of  hydration  was 
diminished. 

When  such  a  curve  is  experimentally  obtained,  however,  it  not  only  exhibits 
one  sharp  change  in  slope,  but  even  shows  a  well-defined  maximum.  Starting 
with  a  highly  hydrated  gel  and  gradually  diminishing  the  water  content,  the 
swelling  capacity  is  seen  to  increase  almost  linearly.  When,  however,  a 
certain  degree  of  desiccation  is  reached,  the  swelling  capacity  no  longer 
changes  slowly  and  uniformly  with  water-content,  but  instead  rises  suddenly 
to  a  high  value.  Speaking  graphically,  the  curve  takes  a  sharp  bend  upward. 
Again  at  a  certain  water-content  the  curve  ceases  to  rise  and  turns  sharply 
downward,  with  a  steep  and  fairly  uniform  slope  to  a  zero  water-content. 
In  other  words,  when  a  certain  degree  of  desiccation  is  reached,  the  swelling 
capacity  assumes  a  maximum  value  for  the  particular  gel  under  the  experi- 
mental conditions,  and  any  further  dehydration  causes  a  decrease  rather 
than  an  increase  in  swelling  capacity. 

The  existence  of  a  well-defined  maximum  in  this  curve,  with  steep  ap- 
proaches on  both  sides,  gives  for  the  first  time  a  logical  interpretation  to 
the  well-known  fact  that  two  series  of  swellings,  alike  in  all  respects  save  that 
the  two  lots  of  dried  agar  plates  were  cast  and  dried  at  two  different  times, 
although  perhaps  from  the  same  batch  of  hot  solution,  can  not  be  compared 
quantitatively.  If  the  effect  of  water-content  alone  be  considered,  this  can 
now  be  readily  explained  by  stating  that  the  two  drying  processes  reached 
different  points  on  one  or  the  other  of  the  two  steep  portions  of  the  curve  on 
either  side  of  the  maximum. 

The  "ageing"  effect  in  the  case  of  agar  is  incidentally  explained  by  these 
results.  Agar  plates  prepared  three  years  ago  by  the  method  developed  by 
MacDougal2  were  found  to  have  suffered  some  change  incident  upon  standing 
in  air  for  3  years,  whereby  their  swelling  capacity  was  reduced  from  3,000 
per  cent  to  less  than  1,000  per  cent.  In  the  light  of  the  water-content- 
swelling  capacity  curve  this  is  now  seen  to  be  due  simply  to  the  drying  out 
of  the  gel  plates  to  a  water-content  less  than  that  at  which  the  maximum 
swelling  capacity  occurs.  In  confirmation  of  this  suggestion,  it  was  found 
possible  artificially  to  "age"  freshly  made  agar  plates  by  drying  them  for 
2  days  over  sulfuric  acid,  so  that  their  swelling  capacity  was  much  reduced. 

This  work  is  being  continued  by  the  study  of  the  effect,  quantitative  and 
qualitative,  on  this  curve  of  a  number  of  possible  variable  factors,  such  as 
water-content  of  gel  when  first  prepared,  mechanical  and  thermal  history  of 
the  solution  before  casting,  degree  of  purity  of  the  agar,  etc. 

1  B.  L.  Clarke,  Studies  in  swelling.  I:  The  swelling  of  agar-agar  gels  as  a  function  of  water 
content  before  swelling,  Jour.  Amer.  Chem.  Soc,  vol.  47,  1954  (1925). 

2  D.  T.  MacDougal,  Botan.  Gaz.,  vol.  70,  2  (1920). 
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Abnormal  Absorption  of  Potassium  over  Sodium  by  the  "Constructed  Cell," 

by  Beverly  L.  Clarke. 

In  the  Annual  Report  for  1924  (p.  128)  note  was  made  of  an  apparent 
abnormality  in  the  intake  of  potassium  by  the  constructed  cell  when  the  im- 
mersion liquid  was  made  slightly  alkaline.  Cells  of  the  agar-pectin-gelatin- 
lecithin  type  were  used  for  these  experiments,  and  the  absorption  of  cathion 
measured  indirectly  by  titrating  the  chlorides  present  in  the  immersion  liquid 
before  and  after  the  run.  When  the  immersion  liquid  had  the  composition 
NaCl  O.OIM,  NaOH  0.005M,  the  cathion  absorption  was  28  per  cent;  when 
the  composition  KCl  O.OIM,  KOH  0.005M  was  used,  the  corresponding  figure 
was  48  per  cent.1 

This  observation  is  of  extraordinary  interest  for  two  reasons :  First,  because 
this  ratio  of  the  absorption  percentages  for  Na  and  K  bears  no  apparent 
relation  to  any  known  physical  or  chemical  property  of  the  ions;  a  physico- 
chemical  problem  is  thus  suggested.  Second,  because  the  anomalous  storage 
of  potassium  over  sodium  and  other  ions  in  apparent  defiance  of  physico- 
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chemical  laws  has  been  frequently  observed  in  the  case  of  many  plant  roots. 
Cases  have  indeed  been  recorded  where  roots,  immersed  in  a  solution  equiva- 
lent in  concentration  as  to  sodium  and  potassium,  have  absorbed  and  retained 
as  much  as  60  times  as  much  potassium  as  sodium.  The  problem  is  thus  one 
of  distinct  botanical  interest. 

Exhaustive   experiments  have   accordingly  been   begun  at   the   Desert 
Laboratory,  designed  to  establish  the  physical  and  chemical  principles  in- 

1  D.  T.  MacDougal,  Proc.  Amer.  Phil.  Soc,  vol.  63,  No.  1,  93  (1924). 
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volved  in  this  apparently  anomalous  behavior,  and  thereby  to  explain  the 
mechanism  of  this  phase  of  the  selective  action  of  the  living  cell. 

The  first  method  of  attack  was  to  study  the  action  in  series  of  cells  in 
which  the  proportions  and  nature  of  the  colloids  were  progressively  varied. 
Each  series  consisted  of  12  cells,  6  of  which  were  immersed  in  a  0.01  N  solu- 
tion of  NaCl  which  was  also  made  0.00 IN  in  NaOH.  The  remaining  6  immer- 
sion liquids  were  of  the  same  strength  in  potassium  salts.  The  12  cells  in 
each  series  were  otherwise  as  nearly  as  possible  identical.  The  average 
absorption  of  cathion  in  the  K  cells  was  compared  with  that  in  the  Na  cells 
when  cessation  of  endosmose  indicated  that  equilibrium  had  been  obtained. 

The  results  of  these  tests  are  indicated  on  page  142. 

It  is  evident  from  the  above  that  the  excessive  intake  of  potassium  ions 
occurs  only  when  the  cell  colloids  consist  of  the  full  three  layers,  agar,  pectin, 
and  the  agar-gelatin  mixture.  In  this  series  about  twice  as  much  potassium 
was  absorbed  as  sodium.  If,  however,  any  one  of  the  three  colloidal  compo- 
nents is  removed,  Na  and  K  are  about  equally  absorbed.  It  is  further  to  be 
noted  that  the  absorption  ratio  under  investigation  is  not  appreciably  affected 
by  the  presence  or  absence  of  the  lipoidal  component,  lecithin. 

The  hope  of  isolating,  by  the  method  of  elimination,  the  colloidal  component 
responsible  for  the  abnormal  absorption,  was  thus  not  realized. 

The  problem  was  next  considered  from  the  point  of  view  of  hydrogen-ion  con- 
centration. It  has  previously  been  noted  that  this  effect  did  not  occur  unless 
the  solution  was  made  initially  slightly  alkaline.  In  initially  neutral  solutions 
the  absorption  ratio  has  a  value  to  be  predicted  from  the  ionic  velocities. 

Experiment  revealed  that  the  pH  of  the  immersion  liquid  remained  far 
from  constant  during  the  course  of  a  run.  In  fact,  colorimetric  tests  showed 
that  the  solution,  originally  0.001N  in  alkali,  became  0.001N  in  acid  by  the 
close  of  the  run. 

Evidently  acid  was  made  available  from  some  source  during  the  experi- 
ment. The  pectin  was  finally  identified  as  furnishing  the  acid  which  was 
dissolved  out  to  neutralize  the  alkali  and  leave  the  solution  slightly  acid  in 
reaction.     A  cold  water  extract  of  the  pectin  showed  marked  acidity. 

In  continuing  these  experiments  one  series,  0.001  N  in  alkali  as  usual,  was 
allowed  to  run  72  hours  instead  of  48  hours,  although  no  further  endosmose 
took  place  after  48  hours.  On  analyzing  these  solutions,  instead  of  finding  an 
intensification  of  the  anomalous  effect,  it  was  discovered  that  the  additional 
24  hours  had  equalized  the  absorptions  of  K  and  Na  ions,  so  that  the  ratio  was 
approximately  unity. 

These  results  have  been  confirmed  in  later  experiments,  and  it  now  seems 
justifiable  to  predict  that  the  problem  will  find  its  solution  in  the  study  of  the 
rates  of  absorption  of  the  ions,  rather  than  of  final  amounts.  Results  indicate 
that  the  rate  of  absorption  curves  of  K  and  Na  in  this  case  have  quite  different 
shapes,  so  that  they  may  run  parallel  at  one  time  and  diverge  widely  at 
another.  That  these  curves  may  intersect  is  also  perfectly  possible.  Thus 
the  absorption  ratio  becomes  the  ratio  of  the  ordinates  of  the  two  curves, 
which  may  have  a  wide  range  of  numerical  values  depending  on  the  abscissa. 

Work  is  being  continued  toward  the  testing  of  this  hypothesis,  and  prepara- 
tions are  also  being  made  for  the  study  of  the  rate  curves  for  the  other  metals 
in  the  alkali  group,  with  the  hope  of  finding  a  correlation  with  some  physical 
or  chemical  property  of  the  ions. 
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The  Effect  of  Narcotics  on  Living  Cells,  by  V.   Ulehla. 

Theories  as  to  the  nature  of  the  action  of  narcotics,  inclusive  of  those 
dealing  with  the  surface  activity,  and  with  lipoid  solubility,  have  recently 
been  combined  by  Traube  and  Yumikura1  in  a  manner  which  accounts  for  the 
action  of  such  substances  on  the  surface  layers  of  cells,  and  also  in  permeating 
the  protoplast. 

The  nature  of  specific  action  in  the  protoplast  which  causes  a  primary 
stimulation  and  a  final  narcosis  remains,  however,  a  matter  to  be  determined.2 

Studies  in  this  question  on  Opuntia  have  shown  that  under  influence  of 
chloroform  and  chloralhydrate  the  water  factors  of  the  cells  are  changed  in  a 
very  characteristic  manner,  which  is  nearly  identical  for  both  the  narcotics 
used.  The  only  difference  consists  in  the  degree  of  the  changes,  corresponding 
to  the  different  narcotic  power  of  both  the  agencies. 

The  onset  of  distention  in  water  increases  with  increasing  concentration 
of  narcotics;  this  effect  becomes  more  visible  if  the  distending  tissue  is  kept 
under  mechanical  pressure. 

The  distention  velocity  in  water  changes  rhythmically  with  the  increasing 
concentration.  The  curve  (X  =  concentration,  y  =  the  time  which  is  neces- 
sary to  reach  the  distention  maximum)  shows  two  minima  and  two  maxima. 

The  distention  capacity  changes  also  rhythmically,  but  unequally  with  the 
previous  property.  The  curve  (X  =  concentration,  y  =  maximum  of  disten- 
tion in  0/0,  water  =100)  shows  three  minima  and  two  maxima,  which  are 
reached  partly  in  different  concentrations  than  those  in  the  previous  curve. 
This  is  illustrated  by  the  following  table : 
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10 -4 

10 -3 

10  -2 
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23 
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26 

60 

26 
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in 

Chloral- 

39 

31 

26 

22 

30 

70 

32 
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hydrate. 

Together  with  the  water-factors  of  the  whole  cell,  all  details  in  different 
parts  were  followed  microscopically.  Although  these  investigations  are  not 
yet  finished,  it  can  be  said  in  general  that  the  adhesion  of  the  outward  plas- 
matic layer  to  the  cell-wall  undergoes  rhythmical  changes  with  increasing 
concentration  and  with  the  time,  while  the  swelling  capacity  of  the  cell-wall 
with  increasing  concentrations  decreases,  and  that  of  the  protoplast  increases. 

There  is  probably  a  certain  connection  between  this  specialization  and  the 
fact  that  isolated  cells  of  Opuntia  could  be  kept  alive  a  considerably  longer 
time  in  certain  weak  concentrations  of  narcotics  than  in  pure  water  otherwise 
kept  under  the  same  conditions.     (For  instance,  one  set  in   10_5M  chloral 

1  J.  Traube  and  S.  Yumikura,  Lipoidtheorie  und  Oberflachenaktivit&tstheorie:  II,  Biochemische 
Zeitschrift,  vol.  157,  383-387  (1925). 

2  For  the  review  of  results  and  opinions,  see  R.  Hober,  PhysikaJische  Chemie  der  Zelle  und  der 
Gewebe,  V  ed.,  Leipzig,  Chapt.  VIII,  545-579  (1922). 
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hydrate  for  3  weeks,  in  distilled  H20  for  4  days;  pH  at  the  end  point  in  both 
cases  =  6.1). 

Though  different  parts  of  the  cell  offer  a  very  different  behavior,  the 
resulting  behavior  of  the  narcotized  cell  shows  that  the  narcotics  act  very 
similarly  to  sudden  desiccation  of  the  cell. 

Both  narcotics  and  desiccation  cause  a  hysteresis,  indicated  through  the 
distention  factors.  As  long  as  this  irreversible  stage  is  not  reached,  the  cell 
shows  a  rhythmical  behavior. 

There  are  stages  in  narcosis  where  the  cell  gets  more  water  than  it  needs. 
In  another,  the  cell,  although  having  a  great  deficit,  can  not  take  up  water 
enough. 

Time  as  a  factor  is  of  equal  and  may  be  of  greater  importance  than  the  con- 
centration. 

A  difference  between  dryness  and  narcosis  consists  in  the  fact  that  the 
narcoticum  causes  a  water  deficit  in  the  whole  cell  only  in  the  beginning. 
Later  this  water  deficit  seems  to  be  localized  in  the  cell,  so  that  some  parts 
receive  at  the  same  time  more  water  than  they  should  under  normal  conditions. 
These  effects  would  be  explainable  in  terms  of  either  theory  of  narcotics 
above  mentioned. 

The  main  action  of  narcotics  presents  itself  as  a  modification  of  the  dis- 
tribution in  the  free  water-content  of  the  cell.  Through  such  changes  in 
water  distribution  it  is  evident  that  other  secondary  changes  in  permeability, 
respiration,  photosynthetic  and  enzyme-activity,  etc.,  must  be  introduced  also. 
But  the  primary  effect  is  one  of  rearrangement  of  free  water-content  in  the  cell 
structures,  upon  which  a  hydration  theory  of  narcosis  is  proposed. 

PRESSURE  AND  MOVEMENT  OF  SAP. 

Absorption  and  Exudation  Pressures  of  Sap  in  Plants,  by  D.  T.  MacDougal. 

The  essential  features  of  the  hydrostatic  system  of  the  higher  plants  include 
the  following:  (a)  The  endodermal  mechanism  of  the  roots  by  which  water 
taken  in  through  the  root-hairs  and  root-tips  is  drawn  through  the  firm  and 
turgid  endodermis  into  the  central  cylinder  by  the  osmotic  activity  of  solu- 
tions in  the  parenchyma  and  maturing  woody  elements.  The  cells  of  the 
endodermis  are  fully  turgid  and  may  have  a  higher  osmotic  value  than  the 
external  cells  or  internal  solutions,  but  the  osmotic  value  of  the  sap  of  the 
internal  cells  must  be  greater  than  that  of  the  cortex,  root-hairs,  and  soil- 
solution  in  order  to  carry  on  absorption,  (b)  A  continuous  cohesive  column 
of  water  extends  in  the  form  of  a  meshwork  through  the  trachese  and  tracheids 
of  the  stem  to  living  cells  of  the  leaves.  The  osmotic  action  of  the  sap  in  the 
central  cylinders  of  the  roots  may  cause  a  positive  upward  pressure  to  varying 
heights  in  this  conducting  system,  (c)  The  evaporation  of  water  from  the 
menisci  of  the  walls  of  cells  in  the  leaves  sets  up  a  tension  by  which  an  upward 
movement,  "the  ascent  of  sap,"  is  caused.  The  longitudinal  tension  thus 
set  up  is  accompanied  by  contraction  of  the  conducting  vessels  which  is  a 
marked  feature  of  the  daily  reversible  variations  in  tree-trunks,  and  which  has 
also  been  found  in  small  herbaceous  plants,  (d)  The  participation  of  living 
cells  in  this  process  is  limited  to  the  construction  of  mechanical  elements, 
development  of  solutions,  and  maintenance  of  colloidal  material.  Dead 
root-systems  have  long  been  known  to  carry  on  absorption  from  the  soil; 
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the  passage  of  water  upward  is  through  elements  from  which  the  proto- 
plastic bodies  have  disappeared,  and  I  have  recently  demonstrated  that  a 
pine  tree  may  be  killed  by  partial  defoliation  in  such  manner  that  cohesion 
tension  may  be  maintained  in  what  is  perhaps  a  diminished  water  meshwork 
or  column,  and  that  daily  reversible  variations  in  diameter  of  the  trunks  may 
continue  for  days  or  even  weeks  after  all  cells  in  the  stem,  and  in  the  remain- 
ing leaves,  may  have  become  dead  and  brown.  The  colloidal  remnants  of 
these  elements  are  mechanically  undisturbed  and  continue  to  evaporate 
water  from  the  surfaces  which  is  replaced  by  imbibition  from  the  column  in 
such  manner  as  to  maintain  tension  and  slight  upward  movement. 

Experiments  have  been  carried  out  to  determine  the  nature  and  cause 
of  "negative" — absorption  and  "bleeding" — exudation  pressures  in  plants. 
Stems  of  massive  succulents  with  heavy  layers  of  cortex,  a  large  medulla,  and 
with  a  conducting  system  filled  with  water  at  low  tension  have  been  used  for 
recording  the  course  of  distention  of  cell-masses  by  the  auxograph,  for  meas- 
urements of  pressures  which  may  be  set  up  by  absorption  and  exudation  and 
for  the  identification  of  the  changes  in  permeability  which  attend  such 
phenomena. 

The  results  obtained  from  such  plants  have  been  compared  with  those 
from  the  Monterey  pine.  The  conifers  are  reputed  to  show  very  small  suction 
or  exudation  pressures  when  manometers  are  connected  with  freshly  made 
bore-holes  driven  tangentially  into  recently  formed  layers  of  the  trunk  of  a 
pine.  Absorption  of  liquid  for  a  few  minutes  causes  an  absorption  or  suction 
pressure.  Half  an  hour  later  the  distended  ray  cells  and  resin  canals,  by 
reason  of  increased  permeability,  begin  to  force  water  outward  and  into 
the  bore-holes  with  a  resultant  positive  pressure  which  may  be  as  great  as  4 
atmospheres ;  this  maximum  is  reached  within  48  hours.  If  clogging  resinous 
matter  be  removed  after  a  few  days,  the  water  in  the  bore-hole  becomes  a 
part  of  the  cohesive  column  extending  from  roots  to  leaves,  and  shows  suction 
pressures  indicative  of  the  transpiratory  pull  at  any  time. 

Now  when  such  cavities  are  made  in  the  heavy  cortical  layers  of  a  tree- 
cactus  (Carnegiea)  only  the  first  part  of  the  above  procedure  is  seen,  as  follows : 

Living  cells  contiguous  to  a  bore-hole  in  the  cortex  of  the  tree  cactus 
(Carnegiea)  with  a  water  deficit  of  25  to  40  per  cent,  and  a  cell-sap  with  an 
osmotic  value  of  about  7  atm.,  set  up  absorption  pressures  of  36  to  52  mm.  Hg 
when  the  cavity  was  filled  with  water. 

Solutions  of  CaCl2  0.0  with  an  osmotic  value  of  0.4  to  0.8  atm.  in  cortical 
cavities  caused  absorption  pressures  of  48  to  86  mm.  Hg.  These  increased 
values  are  to  be  attributed  to  the  action  of  the  Ca  on  the  colloidal  material 
of  the  cells  by  which  their  permeability  is  lessened  and  the  escape  of  vacuolar 
contents  prevented. 

If  solutions  are  introduced  which  cause  increased  permeability  and 
the  forcing  out  of  water  as  in  the  pine  tree,  positive  or  exudation  pressures 
result. 

Thin  sections  of  cortex  showed  a  period  of  absorption  and  distention  when 
placed  in  solutions  of  sucrose  0.2  to  0.3M  equal  3  to  5  atm.,  followed  by  a  con- 
traction or  collapse  as  described  in  previous  papers.  Cavities  filled  with  these 
solutions  showed  absorption  pressure  for  a  day  or  two,  after  which  the  escape 
of  cell-contents  resulted  in  exudation  pressures. 
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Replacements  in  cortical  cavities  showed  that  water  followed  by  sucrose 
0.3M  gave  exudation  pressures  of  66  mm.  Hg.  Water,  followed  by  CaC^ 
replaced  by  sucrose  0.3M  gave  exudation  pressures  of  40  mm.  Hg.  CaCl2 
0.01M  replaced  by  sucrose  0.3M  resulted  in  exudation  pressures  of  86  to 
92  mm.  Hg. 

The  highest  exudation  pressures  resulted  when  cortical  cavities  were  filled 
with  sucrose  0.2M.  Absorption  pressures  of  20  to  25  mm.  Hg.  decreased  to 
0  on  the  fourth  day,  after  which  exudation  pressure  slowly  rose  to  240  mm.  Hg. 
The  sucrose  solution  had  an  initial  osmotic  value  of  about  5  atm. ;  that  of  the 
cell-sap  was  about  7  atm. 

Phenylalanin  0.1M  induced  absorptive  pressure  for  7  days  amounting  to 
6  to  20  mm.  Hg,  which  gave  way  to  exudation  pressure  on  the  eighth  day, 
reaching  a  maximum  of  26  mm.  Hg  on  the  tenth  day. 

The  course  of  development  and  final  results  of  absorption  and  exudation 
pressures  are  harmonious  with  known  facts  as  to  the  influence  of  H-OH  con- 
centration. Cavities  filled  with  citric  acid  pH  3.5  developed  absorption 
pressures  of  56  mm.  Hg  on  the  second  day,  followed  by  a  diminution  to  0  and 
changing  to  an  exudation  pressure  of  8  mm.  Hg  on  the  fifth  day,  which  a  day 
later  gave  way  to  absorption  pressures.  Cavities  filled  with  NaOH  pHIO 
under  the  manometer  developed  absorption  pressures  which  came  down  to 
2  mm.  Hg  at  the  time  a  similar  preparation  with  acid  was  showing  exudation 
pressure.  Further  action  consisted  in  an  increase  of  this  absorption  pressure 
parallel  to  the  action  of  the  preparation  with  acid. 

Cortical  cavities  of  larger  capacity  fitted  with  burettes  containing  about 
10  ml.  of  the  above  solutions  showed  more  decisive  action  than  smaller  ones 
connected  with  mercury-filled  manometers.  Absorption  continued  for  about 
60  hours;  the  relative  absorption  of  water  from  acid  solution  was  as  7  to  10 
from  hydroxide.  A  period  of  indeterminate  action  was  followed  by  one  of 
exudation  which  was  on  a  mean  of  two  experiments  slightly  greater  at  pH  3.5 
than  at  pH  10. 

Methods  of  Measuring  Movement  and  Pressure,  and  of  Extraction  of  Sap  in 

Trees,  by  D.  T.  MacDougal. 

The  cohesive  column  of  water  extending  from  the  roots  upward  through 
the  trunk  of  a  pine  tree  and  other  conifers,  occupies  the  second,  third,  and 
fourth  layers  of  wood,  and  the  outermost  or  most  recently  formed  layer  in  the 
terminals.  Older  wood  and  pith  permit  free  passage  of  gases  or  air.  Hydro- 
static measurements,  which  deal  with  the  entire  cross-section  of  a  stem  dis- 
regarding these  mechanical  facts,  may  be  taken  to  yield  results  of  doubtful 
value.  I  have  already  pointed  out  that  when  manometers  are  connected 
with  holes  bored  tangentially  into  the  conducting  layers,  which  also  include 
living  ray  cells  and  turgid  resin  ducts,  exudation  pressures  as  high  as  4  atmos- 
pheres may  be  developed.  Previous  results  were  to  the  effect  that  only  very 
slight  pressures  were  developed  in  coniferous  stems. 

A  similar  specialization  in  applying  pressures  by  suction  have  yielded 
equally  interesting  and  important  results. 

When  the  cut  end  or  stump  of  a  stem  is  sealed  into  a  pressure  hose  con- 
nected with  an  air  pump,  the  creation  of  a  partial  vacuum  draws  on  not 
only  the  conducting  layers,  but  on  the  parts  containing  air.     The  operation  of 
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a  pump  connected  in  this  manner  with  a  short  section  (1  to  2M)  will  result 
in  drawing  liquid,  in  which  the  other  end  may  be  immersed  through  the  stem 
after  a  few  hours.  Such  an  experiment,  however,  does  not  make  a  satis- 
factory extraction  of  sap,  but  it  has  been  found  to  accelerate  the  conduction  of 
colored  solutions  through  the  wood  in  some  small  degree.  This  acceleration, 
however,  would  not  be  commensurate  with  the  transpirational  pull  of  a  suite 
of  leaves  on  a  branch  during  the  part  of  the  day  when  "negative"  pressures 
are  in  evidence. 

In  a  series  of  experiments  recently  carried  out,  a  recognition  of  the  special- 
ized mechanism  of  it  led  to  the  connection  of  an  air  pump  with  conducting 
layers.  Stems  or  small  trunks  of  pine  and  redwood  from  2  to  5  meters  in 
length  were  stepped  in  vessels  containing  solutions  of  acid  fuchsin.  The 
surface  of  the  upper  end  as  well  as  of  stumps  of  branches  taken  off  were  sealed 
with  a  heavy  lubricating  grease.  Sections  of  metal  tube  10  cm.  in  length  and 
of  various  diameters,  from  3  to  8  mm.,  with  one  end  threaded  were  available. 
By  making  bores  of  suitable  caliber  any  layer  of  wood  could  be  tapped. 
When  suction  was  applied  to  such  tubes  opening  directly  into  the  conducting 
layers  an  almost  immediate  extraction  of  sap  resulted.  A  bore  hole  8  to  10 
mm.  in  diameter  in  the  second  and  third  layers  might  yield  as  much  as  60 
to  90  ml.  of  sap  per  hour  with  the  pump  maintaining  a  suction  which  would 
sustain  a  column  of  mercury  750  mm.  in  height.  Such  extracts  were  available 
for  determinations  of  acidity,  sugar  content,  etc.  It  is  to  be  noted  that  liquid 
obtained  in  this  manner  is  taken  almost  wholly  from  wood-cells,  and  that 
only  a  minute  proportion  of  its  contents  would  be  drawn  directly  and  im- 
mediately from  living  cells  that  had  been  crushed. 

Some  information  as  to  the  rate  and  path  of  liquids  moving  have  been 
obtained  by  stepping  the  bases  of  stems  in  vessels  of  dye,  then  following  the 
dye  by  dissections.  Such  a  method  furnished  information  of  value  if  the 
physical  characters  of  the  suspensions  or  solutions  of  the  dyes  used  are 
known.  This  has  long  been  recognized  as  an  inadequate  method  of  deter- 
mining rate  of  movement,  although  useful  in  estimating  resistances,  as 
liquids  were  known  to  move  much  farther  and  faster  than  indicated  by  the 
dye  accumulated  in  the  wood  cells. 

The  use  of  the  special  connections  described  above  established  the  fact 
that  when  a  stem  deprived  of  leaves  and  hence  not  subjected  to  any  trans- 
piratory  pull  of  any  note  was  subjected  to  a  suction  force  of  less  than  an 
atmosphere  connecting  with  tracts  of  wood  colloidal  solutions  of  fuchsin 
would  be  drawn  through  the  wood  and  would  appear  in  the  extract  at  a  rate 
of  50  to  95  cm.  per  hour.  The  transpiratory  pull  of  the  leaves  of  a  tree  may 
exert  a  pulling  power  of  many  atmospheres,  and  it  may  be  inferred  that  cor- 
responding velocities  of  movement  of  sap  may  result. 

Effect  of  Disturbances  in  the  Hydrostatic  System  of  a  Tree  by  Girdling,  Topping, 
and  Defoliation,  by  D.  T.  MacDougal. 

Two  methods  of  experimentation,  girdling  of  trunks  and  topping  and  de- 
foliation, deserve  separate  discussion,  since  the  entailed  operations  work 
alterations  in  several  major  processes  in  the  tree.  The  removal  of  the  bark 
and  all  soft  cells  external  to  the  wood  of  a  Monterey  pine  is  followed  by  the 
blocking  of  the  tracheids  of  the  outermost  layer  of  wood,  which  cancels  this 
tract  as  a  conductor  of  liquids,  either  up  or  down  the  trunk.     During  the 
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summer  season  this  layer  may  contain  30  times  as  much  sugar  as  the  layer 
internal  to  it.  Girdling,  however  carefully  done,  would  therefore  block  the 
passage  of  sugars  in  either  direction  in  this  layer.  There  is  much  evidence 
to  support  the  suggestion  that  the  downward  movement  of  organic  material 
may  take  place  partly  in  this  layer.  The  latter,  however,  needs  detailed 
experimental  tests.  In  the  pine,  as  in  other  trees,  girdling  is  followed  by  the 
accumulation  of  carbohydrate  above  the  exposed  zone  and  growth  is  greatest 
in  this  region. 

Girdling  with  boiling  oil,  which  heats  and  kills  the  tree  to  the  center, 
results  in  the  breaking  of  the  water  column  and  the  death  of  the  tree. 

Girdling  of  a  rapidly  growing  tree  may  cause  only  temporary  effects  in  some 
cases.  These  temporary  effects  include  diminished  daily  reversible  varia- 
tions in  the  diameter  of  the  stem. 

Removing  the  leafy  branches  and  terminals  of  a  pine  tree  not  only  disturbs 
the  continuous  water  column,  but  eliminates  the  photosynthetic  apparatus. 
When  this  is  done  completely,  death  results  within  a  short  time.  A  topped 
tree  with  a  few  branches  may  survive  for  a  year  or  two.  One  with  many  re- 
maining branches  may  go  on  indefinitely. 

Defoliation  of  the  pine  may  be  done  without  breaking  the  water  column  in 
the  trunk,  and  this  operation  has  been  carried  out  on  trees  at  various  seasons. 
The  removal  of  all  green  leaves  from  a  Monterey  pine  in  the  resting-period 
or  in  winter  results  in  its  death  within  a  few  months.  The  removal  of  all 
mature  leaves  during  the  growing-season,  when  the  young  leaves  are  only 
partly  formed,  stops  growth  and  lessens  daily  reversible  variations  for  a  period 
of  at  least  two  years.  The  removal  of  leaves  of  previous  years,  allowing  the 
most  recent  ones  to  remain,  the  operation  being  performed  at  the  end  of  the 
growing-season  of  the  trunk,  causes  a  minimum  disturbance.  Defoliation  is 
invariably  followed  by  a  lessened  carbohydrate  content  of  the  stem. 

The  scars  resulting  from  the  removal  of  the  leaves  are  quickly  sealed  with 
resinous  material,  so  that  the  water  column  remains  intact;  consequently, 
the  trunk  swells  for  a  period  of  2  or  3  days  after  the  operation.  The  subse- 
quent daily  reversible  variations  are  minimized.  The  colloidal  remains  of  the 
evaporating  cells  in  the  dead  leaves  and  terminals  would  furnish  evaporating 
menisci,  the  action  of  which  would  sustain  a  cohesive  column  of  water.  It 
seems  clear  that  such  variations  persist  in  trees  which  are  dead  from  the  tips 
of  the  roots.  Such  trees  show  a  diminished  water-content  of  the  trunk  and  a 
very  small  amount  of  sugar  in  the  wood  cells.  No  exudation  pressures  are 
possible  under  such  conditions,  but  a  manometer  connected  with  a  hole  bored 
into  the  trunk  shows  slight  suction  force  due  to  the  absorption  of  water  from 
the  tubes  of  the  instrument. 

Water  Intake  in  Plant  Cells  with  Special  Regard  to  Desert  Succulents, 

by  V.  Ulehla. 

Current  conclusions  as  to  the  water-relations  of  desert  succulents  include 
the  following: 

(1)  The  contents  of  the  vacuoles  in  the  cells  have  a  surprisingly  low 
osmotic  value  as  measured  by  the  plasmolytic  method. 

(2)  The  root-hairs  are  lost  during  the  dry  season  and  with  them  the  ability 
to  take  water  from  the  soil. 

(3)  The  daily  periodic  opening  of  stomata  is  continued. 
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(4)  In  spite  of  these  facts  only  a  small. part  of  their  water-content  is  lost 
during  the  intense  dryness  and  insolation  of  the  rainless  season.1 

The  results  of  my  recent  studies  in  this  field  are  given  below. 

It  has  not  been  long  since  the  plant-physiologists  assumed  that  the  ability 
of  water  intake  depended  mainly  on  the  osmotic  value  of  the  cell-sap  and 
could  be  measured  by  the  plasmolytic  method. 

Ursprung  and  Blum2  recognized  that  this  is  insufficient  and  applied  the 
term  "suction-force,"  which  is  "a  resultant  from  all  forces  which  deal  with 
the  intake  and  outgo  of  water  in  the  plant  cell."  The  value  of  suction  force 
is  calculated  upon  changes  in  volume  which  follow  when  the  normal  cell  is 
brought  in  sucrose-solution  of  different  concentrations. 

The  formulae,  developed  by  these  authors  for  calculation  of  suction  force 
and  also  of  turgor  and  cell-wall  pressure  from  the  volume  changes,  are  based 
on  the  following  suppositions : 

(1)  Within  certain  limits  the  suction  force  is  proportional  to  the  water 
deficit  and  inversely  proportional  to  the  cell  volume. 

(2)  In  a  relatively  short  time  after  immersion  in  a  sugar-solution,  the 
cell  reaches  a  final  volume,  which  corresponds  to  the  equilibrium  between  the 
suction  force  of  the  cell  and  that  of  the  sucrose-solution. 

Through  the  principle  of  limitation  or  by  a  straight-line  interpolation  a 
concentration  can  be  found  in  which  no  change  of  volume  occurs.  The 
suction  force  of  the  normal  cell  equals  the  osmotic  value  of  this  solution.3 

(3)  As  far  as  exosmosis  does  not  interfere,  the  same  equilibrium  is  ap- 
proached in  the  cell  immersed  in  the  solution,  or  after  previous  saturation 
with  water. 

(4)  The  fact  that  the  entire  surfaces  of  some  cells  of  a  section  may  be  in 
contact  with  the  immersion  liquid  and  other  cells  are  only  in  partial  contact 
with  the  solution  has  been  ignored  hitherto. 

It  was  found  that  not  one  of  the  above  assumptions  is  valid  for  different 
tissues  of  Opuntia  and  Carnegiea.     My  findings  are  as  follows : 

(1)  The  suction-force  of  partially  desiccated  cells  increases  to  a  maximum 
and  then  decreases,  following  a  curve  which  slopes  in  the  beginning  slowly  and 
becomes  very  steep  at  both  sides  of  the  maximum.  The  curve  is  very  similar 
to  that  of  the  swelling  action  in  agar-agar  gels  with  different  initial  water- 
content,  which  was  discovered  recently  by  Clarke.4 

(2)  The  suction  force  does  not  express  an  equilibrium,  but  a  rate.  This 
result  was  obtained  as  follows : 

If  tissue  sections  of  the  same  kind  are  immersed  in  a  set  of  cane-sugar 
solutions,  they  distend  in  lower  and  shrink  in  higher  concentrations,  the 
volume  change  being  proportional  to  the  concentration  of  each  of  the  solu- 
tions. According  to  Ursprung  and  Blum  there  should  be  a  certain  "neutral" 
concentration  of  sucrose,  in  which  the  tissue  does  not  suffer  volume  changes 

1  Facts  2  to  4  according  to  MacDougal's  extensive  investigations. 

2  A.  Ursprung  and  G.  Blum,  Zur  Methode  der  Saugkraftmessung,  Ber.  d.  deutsch.  Bot.  Ges., 
Bd.  34,  625-539  (1916);  Eine  Methode  zur  Messung  des  Wand-  und  Turgordruckes  der  Zelle, 
Jahrb.  f.  wiss.  Bot.,  Bd.  63,  1-110  (1924). 

3  Conf.  W.  Stiles,  Permeability,  296  pp.  1.  c.  pp.  122-125,  London  (1924). 

Stiles  and  Jorgensen,  1917,  follow  the  original  proposal  of  De  Vries  and  measure  changes  in 
whole  tissues  instead  of  single  cells.  They  also  measure  changes  in  weight  instead  of  that  of 
volume.     The  term  "Saugkraft"  they  translate  "Suction  pressure." 

4  B.  L.  Clarke,  Studies  in  Swelling.  I:  The  swelling  of  agar-agar  gels  as  a  function  of  water- 
content  before  swelling,  Jour.  Amer.  Chem.  Soc,  vol.  47,  pp.  1954-1958  (1925). 
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at  all;  this  concentration  is  now  to  be  considered  as  having  the  same  suction 
force  as  the  tissue  and  can  be  expressed  in  atmospheres  according  to  the  os- 
motic value  (pressure)  of  the  sucrose  solution. 

The  same  relation  holds,  if,  instead  of  changes  in  volume,  that  of  a  diameter 
of  the  tissue  is  followed,  since  it  was  found  that  the  diameter  changes  are  in 
a  constant  proportion,  one  to  another,  and  also  to  the  changes  in  total 
volume. 

Such  diameter  changes  are  registered  by  means  of  auxographs.  Each 
auxograph  record  is  thus  a  curve,  which  shows  how  a  diameter  of  the  tissue 
sample  (plotted  on  the  y  axis)  changes  with  the  time  of  immersion  (x  axis)  in 
the  sucrose  solution  of  a  certain  concentration. 

Among  the  records  of  the  behavior  of  a  series  of  tissues  in  a  set  of  sucrose 
concentrations  there  should  be  therefore  one  (either  reached  or  approxi- 
mated experimentally),  which  is  a  straight  line  parallel  to  x  axis,  indicating  a 
neutral  concentration  with  respect  to  the  suction  force. 

But  the  records  actually  obtained,  even  when  they  approximated  identity 
with  the  x  axis,  always  traversed  the  latter  during  the  period  of  observation 
(time  of  immersion),  the  forms  of  the  curves  being  characteristic  for  every 
tissue  investigated.  Thus  it  was  demonstrated  that  the  "neutral"  concen- 
tration, and  consequently  the  suction  force,  varies  with  the  time  of  immersion. 


In  order  to  express  these  variations  two  sets  of  values  were  derived  from 
the  original  auxograph  records,  viz :  (a)  The  amounts  of  distention  or  shrink- 
age as  the  case  might  be  at  the  close  of  increasing  time  intervals,  stated  as  per- 
centages of  the  original  thicknesses  of  the  samples  and  plotted  on  the  y  axis; 
(6)  The  concentrations  corresponding  to  the  above  values  and  plotted  on  the 
y  axis. 

If  the  suction  force  has  a  constant  neutral  value,  all  curves  derived  as  above 
would  traverse  the  x  axis  at  the  same  point.  As  a  matter  of  fact,  however, 
this  is  not  realized,  as  exemplified  in  the  comparative  behavior  of  the  pith 
of  Carnegiea  and  of  Opuntia  phoeacantha,  and  illustrated  in  the  accompany- 
ing diagram  in  which  the  "neutral"  points  at  the  close  of  various  intervals 
of  time  are  plotted  against  the  sucrose  concentrations  in  which  they  occur. 

Extrapolation  to  the  time  zero  of  these  curves  should  detect  the  real  suction 
force  of  the  tissue  before  immersion.  Though  such  an  extrapolation  is  always 
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uncertain,  it  nevertheless  affords  a  more  correct  conception  of  the  behavior 
of  the  tissue  under  normal  conditions  than  the  method  of  Ursprung  and  Blum, 
which  would  give  only  the  suction  force  under  experimental  conditions  of 
varying  and  therefore  non-comparable  values. 

(3)  It  was  found  in  accordance  with  the  preceding  that  the  equilibrium 
attained  in  different  concentrations  of  sucrose  varies  considerably  with  the 
time  of  previous  immersion  in  water.  Sections  of  Opuntia,  if  brought  fresh 
from  the  joint  in  sucrose  solutions,  very  often  show  the  paradoxical  behavior 
that  the  tissue  first  distends,  while  the  protoplast  is  plasmolyzed.  This 
is  prevented  through  a  previous  immersion  in  water.  According  to  the  time 
of  immersion  in  water  the  plasmolytic  boundary  concentration  is  lowered.  (In 
one  case,  for  instance,  the  plasmolytic  boundary  for  the  original  tissue  was 
0.92  wt.  mol  sucrose,  after  one  day's  immersion  0.45;  after  three  days'  0.35 
mol.) 

(4)  Also  in  conformity  with  No.  2,  it  was  found  that  the  water  intake 
of  water-vapor  is  entirely  different  from  that  of  liquid  water  in  Carnegiea. 

Pith  of  Carnegiea  underwent  changes  in  volume  in  different  vapor  pressures 
after  24  hours,  as  follows : 


Volume 

Vapor 

change  after 

pressure. 

24  hours, 

per  cent. 

1.0 

+  1.7 

0.9 

+  0.5 

0.8 

-  4.5 

0.7 

-  9.5 

0.6 

-12.5 

0.5 

-14.5 

Through  interpolation  a  zero-point  at  0.88  relative  vapor-pressure  is  ob- 
tained, which  corresponds  to  the  suction  force  at  about  170  atmospheres. 
But  in  sucrose-solutions  suction  forces  of  not  more  than  about  35  atmospheres 
are  obtained.  As  no  physical  basis  could  be  found  for  this  difference,  it  is 
still  a  matter  of  further  investigation.  The  following  conclusions  can  be 
stated,  however: 

(a)  The  plasmolytic  method  is  of  no  use  in  determining  the  real  suction- 
force  in  desert  succulents. 

(6)  The  methods  of  Ursprung  and  Blum  must  be  supplemented  by  the  use 
of  auxographs  or  of  weighing,  and  the  records  obtained  plotted  in  the  manner 
described. 

(c)  The  real  suction-force  is  found  through  extrapolation  from  the  data 
obtained  in  (b),  and  must  be  controlled  by  volume  (weight)  changes  in  differ- 
ent vapor  pressures. 

(d)  If  a  single  cell  is  to  be  studied,  the  auxographic  method  could  prob- 
ably be  displaced  by  automatic  film  photography. 

(e)  The  use  of  methods  in  (b)  and  (c)  has  shown  that  the  suction  force  is 
considerably  higher  than  it  has  been  supposed,  and  yields  a  satisfactory 
explanation  of  water  relations  in  these  plants.  It  will  be  shown  below  that 
a  better  explanation  is  obtained  if  the  factors  by  which  the  suction  force 
is  determined  are  studied  separately. 
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Water  Factors  in  Plant  Cells  (especially  in  Desert  Succulents)  by  V.  Ulehla. 

Analysis  of  the  re-distribution  of  water  between  different  tissues  of  desert 
succulents,  especially  in  joints  of  Opuntia  phceacantha,  has  shown  that  this 
process  involves  some  independent  variables,  which  it  is  proposed  to  designate 
as  the  water  factors  of  the  cell.     These  may  be  characterized  as  follows : 

(1)  Onset  of  distention  and  progressive  distention  velocity  of  the  cell. 
This  property  varies  considerably,  if  measured  as  rate  of  intake  of  water-vapor 
or  of  liquid  water. 

(2)  Distention  capacity  is  independent  of  the  first  property,  and  varies 
again  if  measured  as  distention  maximum  in  water-vapor  or  in  liquid  water. 

(3)  The  shrinkage  velocity  which  does  not  parallel  the  distention  velocity 
and  varies  again,  if  measured  as  rate  of  evaporation  or  as  rate  of  water  outflow 
in  hypertonic  solution. 

Any  given  water  factor  of  the  cell  as  a  whole  changes  in  an  independent 
manner  under  different  conditions,  such  as  pH,  previous  water-content,  salts, 
narcotics,  etc. 

The  resultant  of  the  water  factors  is  at  any  stage  the  suction  pressure  of  the 
cell,  which  value  is  therefore  to  be  considered  as  a  dynamic  one. 

On  the  other  side,  each  of  the  water  factors  may  be  considered  as  the 
resultant  of  the  corresponding  processes  occurring  in  the  several  parts  of  the 
cell. 

Among  these  latter  the  most  important  are : 

(1-4)  Onset  of  swelling,  swelling  velocity  and  capacity,  and  shrinkage 
velocity  of  plasma  and  of  cell-wall. 

(5)  Degree  of  cohesion  in  the  cell  wall  and  in  the  protoplast. 

(6)  Degree  of  adhesion  between  the  cell  wall  and  the  protoplast.1 

(7)  Osmotic  value  of  the  vacuole.  This  factor  is  much  less  important 
than  the  previous. 

The  factors  mentioned  are  coupled  with  others,  which  are  of  secondary 
nature,  as  for  instance:  Elastic  pressure  of  the  cell-wall  and  changes  in 
permeability. 

Elastic  pressure  of  the  cell-wall  is  low  under  water  deficit  and  very  often  is 
negative. 

The  degree  of  permeability  for  water  is  probably  proportional  to  the  swelling 
values,  since  the  cell  is  never  saturated  with  it. 

The  permeability  for  solutions,  as  it  could  not  be  measured  accurately,  is 
a  matter  of  speculation. 

1  It  has  been  pointed  out  by  G.  W.  Scarth  (Adhesion  of  protoplasm  to  cell-wall  and  the  agents 
which  cause  it,  Trans.  Roy.  Soc.  Canada,  vol.  xvn,  137-143,  1923),  that  cohesion  and  the 
adhesion  must  be  treated  as  separate  factors  and  should  not  be  included  under  the  one  term 
"viscosity." 

It  is  further  evident  that  the  plasmolytic  velocity  will  be  changed,  if  one  or  both  of  these 
factors  change.  On  the  other  hand,  there  is  no  doubt  that  the  degree  of  adhesion  and  of  cohesion 
are  connected  with  degree  of  hydration.  And  as  "The  permeability  of  a  layer  must  depend  upon 
the  degree  of  hydration  of  its  constituents  .  .  ."  D.  T.  MacDougal,  Accretion  and  dis- 
tention in  plant  cells,  Amer.  Nat.,  vol.  lix,  336-345;  I.e.  p.  339,  1925),  the  change  of  plas- 
molytic velocity  indicates  certainly  some  change  in  permeability. 

But  it  may  be  erroneous  to  use  simply  the  change  of  plasmolytic  (deplasmolytic)  velocity  for 
measurements  of  permeability  changes  (as  done  recently,  for  instance,  by  M.  Lullies,  Ober  die 
Beeinflussung  der  Permeabilit&t  von  Pfianzenzellen  durch  Narkotika,  Pfliigers  Archiv  f.  d.  ges. 
Phys.,  vol.  207,  8-23,  1925),  as  the  phenomena  in  question  (plasmolytic  velocity)  is,  as  we  see,  of  a 
complex  nature. 
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The  degree  of  endosmosis  and  of  exosmosis  for  sugar,  for  instance,  seems 
to  be  limited  by  the  water-content. 

A  consideration  of  the  above  features  brings  into  view  a  complex  picture  of 
the  cell,  especially  of  desert  succulents,  which  is  widely  different  from  that 
embodied  in  the  prevalent  conception  of  the  cell  as  simply  an  osmotic  engine, 
with  turgidity  a  resultant  similar  to  that  of  an  elastic  rubber  sphere  with 
internal  pressure. 

The  interchanges  between  tissues  in  such  plants  as  the  cacti  afford  many 
interesting  situations.  Thus,  the  hypodermis  cells  having  a  low-swelling 
capacity,  but  a  high-swelling  velocity,  may  actually  condense  water-vapor 
as  it  tends  to  escape  from  the  plant  on  its  way  through  the  hypodermic 
channels  leading  to  the  stomata.  The  water  thus  gained  may  be  transferred 
as  liquid  back  to  underlying  parenchyma,  with  a  minimum  of  net-loss. 

PHOTOSYNTHESIS. 

Studies  on  Atmospheric  Oxidation. 

/.  The  Oxidation  of  Glucose  with  Air,  by  H.  A.  Spoehr  and  James  H.  C.  Smith. 

That  various  metals,  more  particularly  iron,  manganese,  and  copper,  play 
an  important  role  in  the  oxidation  reactions  in  living  organisms  has  been 
recognized  for  a  long  time.  In  plants,  iron  appears  to  be  of  great  significance 
in  this  relation  and  these  studies  were  begun  with  the  object  of  determining 
the  kinetics  of  the  chemical  reactions  involved  in  the  oxidation  of  carbo- 
hydrates in  the  cell.  As  was  announced  in  the  previous  report  a  system 
has  been  devised,  consisting  of  a  complex  iron-phosphate  catalyst  and  sodium 
phosphate,  by  means  of  which  various  monosaccharides,  disaccharides,  and 
polyatomic  alcohols  are  oxidized  to  carbon  dioxide  by  atmospheric  oxygen. 
These  organic  substances  are  not  autoxidizable;  it  is  the  iron  which  reacts 
with  molecular  oxygen  and  in  turn  under  certain  conditions  with  the  organic 
substance.  This  system  has  served  as  a  "model"  of  respiratory  oxidation 
by  means  of  which  the  conditions  characteristic  of  this  type  of  oxidation  can 
be  studied. 

The  problem  of  atmospheric  oxidation  in  such  a  system  presents  two  sides. 
The  first  of  these  is  the  kinetics  of  the  catalyst,  its  mode  of  action,  together 
with  a  consideration  of  the  rates  and  energetics  of  the  reactions  involved. 
The  second  deals  with  the  material  oxidized,  the  mechanism  of  the  oxidation 
reactions,  the  products  formed,  and  the  conditions  controlling  these  reactions. 
This  section  deals  with  the  first  of  these,  the  second  is  considered  in  another 
portion  of  this  report. 

The  catalyst  used  is  sodium  ferro  pyrophosphate.  This  compound  is 
easily  oxidized  by  atmospheric  oxygen  forming  sodium  ferri  pyrophosphate. 
Repeated  attempts  have  been  made  to  isolate  these  compounds  in  a  crystal- 
line form,  but  so  far  this  has  not  been  possible.  The  compounds  have  been 
used  as  prepared  in  solution.  Evidence  has  been  gathered  to  prove  that 
the  iron  is  in  a  complex  molecule.  This  is  not  colloidal,  but  in  a  molecularly 
dispersed  solution  so  that  it  is  highly  improbable  that  the  oxidation  is  due 
to  surface  catalysis. 

By  electro-chemical  methods  it  has  been  demonstrated  that  the  reaction 
ferro  ^1  ferri  +e  is  possible,  which  is  taken  as  evidence  that  the  mechanism 
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of  the  oxygen  transfer  is  by  means  of  an  electronic  oxidation  and  reduction 
of  the  catalyst.  Many  substances  are  oxidized  by  either  the  ferro-  or  ferri 
compound;  these  substances  are  capable  of  reducing  the  ferri  compound. 
Compounds  which  are  not  capable  of  reducing  the  ferri  compound,  and  thus, 
as  it  were,  of  catalyzing  their  own  oxidation,  are  oxidized  only  by  the  ferro 
compound.  One  mechanism  by  which  the  oxidation  may  be  carried  on  is, 
therefore,  through  the  reversibility  of  the  reaction:  Catalyst  oxidized  = 
catalyst  reduced  — e.  The  study  of  the  electronic  reversibility  of  the  cata- 
lyst has  also  shown  that  the  reaction  is  represented  by  unit  electronic  change. 
This  agrees  with  the  formula  for  sodium  ferro  pyrophosphate  as:  Na2(FeP207), 
and  for  the  ferri  compound  as:  Na(FeP207). 

It  has  not  been  possible  to  determine  the  intermediate  products  which  are 
formed  in  the  oxidation  of  glucose.  The  rate  of  carbon  dioxide  formation  in 
the  oxidation  of  glucose  at  37°  is  initially  low  and  rises  rapidly  during  the  first 
48  hours.  It  is  highly  probable  that  this  induction  period  is  due  to  the 
formation  of  intermediate  products  of  oxidation  or  compound  formation. 
The  rate  of  oxidation  of  a  number  of  carboxylic  acids  which  are  known  oxida- 
tion products  of  glucose  and  related  acids  was  determined,  d-gluconic  and 
Z-arabonic  acids  have  a  very  much  shorter  induction  period  than  glucose. 
This  seemed  to  indicate  that  the  induction  period  of  glucose  may  be  due  to 
the  oxidation  of  the  aldehyde  group.  However,  the  mechanism  of  oxidation 
of  glucose  is  apparently  very  much  more  complex  than  was  at  first  supposed. 
Tartaric  and  tartronic  acids  are  relatively  easily  oxidized,  while  saccharic  and 
trioxyglutaric  acids  are  oxidized  only  slowly.  Sodium  acetate,  potassium 
glycolate,  sodium  oxalate,  sodium  lactate,  sodium  glycerate,  and  sodium 
pyruvate  are  oxidized  only  very  slowly.  Acids  containing  no  hydroxyl  group, 
potassium  malonate  and  sodium  succinate,  are  not  oxidized.  Formic  acid 
is  oxidized  with  the  ferro  compound,  but  not  with  the  ferri.  The  indications 
are  that  the  step  proceeding  with  the  lowest  rate  in  this  oxidation  system  is 
the  reduction  of  the  ferro  compound  to  the  ferri.  Hence  those  substances 
which  bring  this  reaction  about  only  very  slowly  or  not  at  all  are  oxidized 
at  a  very  low  rate  or  not  at  all. 

In  view  of  the  significance  which  has  been  attached  to  the  behavior  of 
potassium  cyanide  in  cell  oxidation  in  various  recent  theories,  a  study  was 
made  of  the  influence  of  this  poison  on  the  oxidation  system  under  discussion. 
It  was  found  that  low  concentrations  of  cyanide  (0.0025  molal)  accelerate  the 
rate  of  oxidation,  while  higher  concentrations  exert  an  inhibiting  effect. 
There  is  here  another  analogy  between  this  respiratory  "model"  and  the 
living  cell. 

Experiments  were  also  carried  out  to  determine  whether  the  oxidation  of 
glucose  with  sodium  ferro  pyrophosphate  is  affected  by  insulin,  in  the  hope 
of  obtaining  a  more  satisfactory  and  direct  means  of  determining  the  strength 
of  insulin  preparations.  These  experiments  were  carried  out  by  Mr.  Howard 
Estill  and  the  insulin  was  obtained  from  the  California  Institute  of  Tech- 
nology. No  positive  evidence  could  be  obtained  of  an  accelerating  effect  of 
insulin  on  the  oxidation  of  glucose  when  active  and  inactivated  preparations 
were  compared. 
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II.  The  Kinetics  of  the  Oxidation  by  Sodium  Ferropyrophosphate,  by 
James  H.C.  Smith. 

One  means  by  which  the  catalyst  may  bring  about  oxidation  has  already 
been  mentioned,  viz:  the  oscillation  between  the  oxidized  and  the  reduced 
states  of  the  iron  in  the  presence  of  an  acceptor,  B : 

I.  (a)  4  Fe"+02  =  4  Fe"'+20"  (6)  Fe-+B  =  Fe"+B* 

Another  possibility  is  that  of  an  intermediate  "moloxide"  compound 
formation  in  which  part  of  the  oxygen  is  transmitted  to  the  acceptor  and 
another  part  to  the  catalyst: 

II.  (a)  Fe"+02  =  Fe"  (02)  (6)  2  Fe"  (02)+B  =  Fe203+BO 

In  order  to  submit  these  theories  to  experimental  test  under  conditions 
amenable  to  accurate  analysis,  the  oxidation  of  sodium  sulfite  and  potassium 
arsenite  was  studied. 

From  the  results  obtained  the  conclusion  was  reached  that  the  oxidation 
was  carried  on  by  both  processes  mentioned  in  the  preceding  paragraph.  The 
facts  which  substantiate  this  conclusion  came  from  three  sources:  (1)  The 
order  of  the  reaction;  (2)  the  amount  of  oxygen  absorbed;  and  (3)  the  thermo- 
dynamic criteria  which  must  be  satisfied. 

To  follow  the  rate  of  the  reaction  between  sodium  ferropyrophosphate  and 
oxygen,  a  special  apparatus  had  to  be  designed  which  was  capable  of  keeping 
the  solution  saturated  with  oxygen  at  all  times,  and  at  the  same  time  of 
measuring  the  volume  of  oxygen  absorbed  at  any  instant.  The  apparatus 
which  was  used  seemed  well  adapted  for  this  purpose.    . 

Because  the  reaction  studied  is  kinetically  complex,  the  method  used  to 
determine  its  order  was  the  variation  of  the  half  period  with  different  con- 
centrations of  reactants.  Since  a  three-fold  increase  in  the  concentration  of 
the  reactants  caused  only  a  very  slight  change  in  the  half  period  of  the 
reaction,  it  was  assumed  that  the  reaction  was  one  of  the  first  order,  corre- 
sponding to  mode  II  (a)  when  the  oxygen  concentration  is  constant.  From 
this  we  reason  that  a  moloxide  is  produced. 

Furthermore,  potassium  arsenite  is  oxidized  only  in  the  presence  of  the  ferro 
derivative,  and  the  amount  of  oxygen  it  absorbs  is  equal  to  that  absorbed  by 
the  catalyst  itself.  This  brings  almost  conclusive  proof  of  the  autoxidation 
theory.  That  oxidation  may  take  place  according  to  I  (a,  b)  is  shown  by 
the  fact  that  sodium  sulfite  is  oxidized  either  in  the  presence  of  the  ferro  or  the 
ferri  compound,  and  the  amount  of  oxygen  absorbed  is  dependent  on  the 
amount  of  sodium  sulfite  present  and  independent  of  the  amount  of  catalyst. 
This  fact  shows  that  under  proper  conditions  the  iron  pyrophosphate  may 
act  as  a  true  catalyst. 

The  last  proof  which  we  bring  to  show  the  possibility  of  true  catalytic 
action,  and  to  substantiate  the  existence  of  an  intermediate  moloxide  com- 
pound, comes  from  thermodynamics.  From  the  following  equations  we  can 
see  that  the  above  facts  can  be  readily  explained  by  the  decrease  in  free 
energy  in  each  case. 

(1)  HFeP207+H*+E  =  H2FeP207;  AF=  -9,800  cal. 

(2)  H3As03+H20  =  H3As04+2IT+2E;  AF  =  23,010  cal. 

(3)  S03-fH20  =  S04-r*2H-+2E;  AF  =  -3,260  cal. 
Combining  (1)  and  (2)  we  have  the  reaction 

(4)  2HFeP207+H3As03+H20  =  2H2FeP207+H3As04;  AF  = +3,410  cal. 
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which  has  a  positive  free  energy  change  and  therefore  the  reaction  is  impos- 
sible; but  arsenite  is  oxidized  by  the  ferro-derivative,  therefore  an  inter- 
mediate compound  must  be  formed  that  will  bring  about  this  reaction.  Like- 
wise combining  (1)  and  (3)  we  have  F=  —22,860  cal.,  which  shows  that  the 
ferri  compound  can  oxidize  sulfite.  Since  atmospheric  oxygen  rapidly 
oxidizes  the  ferro-  to  the  ferri-derivative,  the  iron  compounds  can  act  as  a 
catalyst;  at  least  it  is  thermodynamically  possible. 

III.  The  Oxidation  of  Sodium  Formate  with  Atmospheric  Oxygen,  by  Wm.  G. 

Young  and  James  H.  C.  Smith. 

During  an  earlier  investigation  of  the  oxidation  of  numerous  organic 
compounds,  which  were  closely  related  to  sugars,  a  theory  was  evolved  which 
required  the  production  of  a  formate  as  an  initial  step  in  the  oxidation  to 
carbon  dioxide.  It  then  became  necessary  to  follow  the  reaction  of  sodium 
ferropyrophosphate,,  formate,  and  oxygen.  In  the  preliminary  work  it  was 
found  that  a  small  portion  of  the  formate  was  transformed  into  carbon 
dioxide  at  a  very  rapid  rate,  and  that  no  further  reaction  could  be  induced. 
The  question  as  to  the  mechanism  of  formate  oxidation  then  presented  itself. 

First  it  was  shown  that  a  small  portion  of  the  formate  was  oxidized  to 
carbon  dioxide  in  the  presence  of  the  ferro-compound,  but  that  the  ferri- 
derivative  was  without  effect.  This  was  probably  due  to  the  fact  that  it  was 
unable  to  reduce  the  ferric  derivative  once  it  was  formed.  Still  another 
possibility  lay  in  the  fact  that  formate  might  be  oxidized  to  oxalate,  which 
had  previously  been  shown  not  to  undergo  oxidation.  But  qualitative  tests 
showed  oxalate  to  be  absent.  To  make  sure  that  all  the  formate  oxidized 
appeared  as  carbon  dioxide,  the  quantitative  relationship  between  formate 
remaining  and  carbon  dioxide  produced  was  studied.  Since  all  the  formate 
could  be  accounted  for  quantitatively  in  this  way,  it  was  shown  that  carbon 
dioxide  is  the  only  resultant. 

Because  ferropyrophosphate  is  a  very  active  reducing  compound,  a  possible 
mechanism  by  which  the  oxidation  might  occur  is  that  similar  to  the  Wieland 
reaction,  viz. 

o  OH 

HC*         ♦H20  =  HC-0H    +  2Na2FeP207=0  =  CQ:      +H2+2NaFeP207 
ONa  v0Na  a 

If  such  were  the  case,  oxidation  ought  to  take  place  in  the  absence  of 
oxygen.  When,  however,  this  was  tried  no  carbon  dioxide  nor  hydrogen  was 
found  and  a  quantitative  estimation  of  the  ferrous  iron  showed  that  none 
of  it  had  been  oxidized.  This  experiment  then  excludes  Wieland's  reaction 
as  a  probability. 

That  the  actual  process  was  one  of  autoxidation  was  shown  to  be  highly 
probable  because  the  amount  of  carbon  dioxide  was  proportional  to  the 
amount  of  ferrous  iron  used.  This  was  further  substantiated  by  the  fact 
that  the  ferripyrophosphate  was  lacking  in  catalytic  activity.  From  the 
results  obtained  it  may  be  definitely  concluded  that  formate  is  oxidized  by  a 
process  of  autoxidation. 

The  above  experiments  were  carried  out  at  room  temperature  (approxi- 
mately 21°  C).  Since  it  was  desirable  to  determine  the  effect  of  tempera- 
ture on  the  reaction,  another  experiment  was  performed  at  0°  C,  and  the 
amount  of  oxidation  was  practically  halved.     This  shows  that  the  tempera- 
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ture  has  a  much  greater  influence  on  the  organic  oxidation  than  the  autoxi- 
dation  of  the  ferropyrophosphate  itself. 

Contrary  to  other  statements  in  the  literature,  separate  experiments  showed 
that  the  oxidation  was  very  much  more  rapid  in  the  presence  of  pyrophos- 
phate than  with  ferrous  sulfate  or  ferrous  phosphate. 

Effect  of  Disodium  Phosphate  on  Hexose  Sugars,  by  H.  A.  Spoehr  and 

Paul  C.  Wilbur. 

During  the  past  few  years  a  great  deal  of  information  has  accumulated 
regarding  the  influence  of  disodium  phosphate  on  the  respiratory  and  meta- 
bolic reactions  of  plants  and  animals,  more  particularly  on  the  carbohydrate 
metabolism.  The  influence  of  disodium  phosphate  on  alcoholic  fermentation, 
on  the  formation  of  lactic  acid  in  muscle  during  anaerobiosis,  on  the  rate  of 
carbon  dioxide  formation  during  respiration,  etc.,  have  demonstrated  the 
important  role  which  phosphates  play  in  carbohydrate  metabolism.  In  the 
investigations  on  the  oxidation  of  various  carbohydrates  with  air,  the  stimu- 
lating influence  of  phosphates  has  also  been  demonstrated;  moreover,  the 
presence  of  phosphates  makes  possible  the  oxidation  of  carbohydrates  with 
hydrogen  peroxide. 

In  order  to  gain  some  information  on  the  manner  in  which  phosphates 
bring  about  these  reactions  a  series  of  investigations  has  been  carried  out  to 
determine  the  effect  of  phosphates  on  d-glucose  and  d-fructose.  There  is 
some  evidence  for  believing  that  glucose  is  converted  into  fructose  or  into 
some  active  form  of  glucose  before  it  is  fermented  or  oxidized. 

In  these  experiments  data  on  the  following  points  were  sought :  (1)  Whether 
the  hexose  sugars  in  solutions  with  disodium  phosphate  or  neutral  mixtures 
of  phosphates  undergo  the  Lobry  de  Bruyn-van  Eckenstein  transformation 
in  which,  starting  with  any  one  of  the  following  sugars,  a  mixture  of  all  the 
others  is  obtained,  viz,  d-glucose,  d-mannose,  d-fructose,  pseudo-fructose, 
a-  and  i3-d-glutose.  (2)  Whether  there  occurs  any  di-  or  polysaccharide 
formation.  (3)  Whether  there  are  any  saccharinic  acids  formed.  (4)  In 
the  living  organism  there  is  evidence  that  the  stimulating  action  of  phos- 
phates is  associated  with  the  formation  of  phosphoric  esters  of  glucose — 
Can  these  be  formed  without  the  action  of  the  living  cell?  (5)  Is  the  Lobry 
de  Bruyn-van  Eckenstein  transformation  a  true  equilibrium  or  does  the 
hexose  molecule  undergo  splitting  in  the  presence  of  phosphates? 

The  experiments  were  carried  out  in  the  following  manner:  Sterilized 
solutions  of  d-glucose,  d-fructose,  and  of  a-  and  /3-d-glutose  were  mixed  with 
sterilized  solutions  of  disodium  phosphate  and  sodium  pyrophosphate,  and 
neutral  mixtures  of  disodium  phosphate  and  potassium  dihydrogen  phosphate, 
sealed  and  kept  at  constant  temperatures.  Runs  were  made  at  different 
concentrations  and  at  25°,  37°,  and  75°.  At  intervals  portions  of  the  solution 
were  withdrawn  and  analyzed  for:  (1)  total  reduction  of  Benedict  solution, 
(2)  reduction  after  hydrolysis,  (3)  aldose  sugars  with  the  Cajori  iodine  method, 
(4)  alkalinity,  (5)  phosphates  precipitable  with  magnesia  mixture,  and 
(6)  optical  rotation.  Most  of  the  experiments  were  carried  out  at  37°  and 
were  run  for  50  to  150  days,  analyses  were  made  at  different  intervals  from  5 
to  14  days,  depending  upon  the  rate  of  the  reaction.  At  higher  temperatures 
the  rates  were  higher  and  the  analyses  were  made  more  frequently. 

The  results  from  these  investigations  may  be  briefly  summarized  as  follows : 
In  the  presence  of  disodium  phosphate  and  sodium  pyrophosphate  the  aldose 
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sugars  are  converted  into  the  ketose  sugars  and  vice  versa.  From  both 
glucose  and  fructose  there  is  formed  in  this  manner  d-glutose.  With  neutral 
phosphate  mixture  fructose  is  converted  into  aldose  sugars  and  glucose  into 
ketose  sugars,  the  latter  very  slowly.  It  is  apparent,  therefore,  that  the 
Lobry  de  Bruyn-van  Eckenstein  reaction  takes  place  with  phosphates.  A 
noteworthy  feature  of  these  reactions  is  that  the  total  reducing  power  of  the 
sugar  mixtures  shows  a  decided  decrease  with  time.  With  glucose  and  fruc- 
tose this  amounts  to  as  much  as  30  per  cent  in  140  days.  This  raises  the  ques- 
tion whether  the  Lobry  de  Bruyn-van  Eckenstein  reaction  represents  a  true 
equilibrium.  That  the  decrease  in  the  reducing  power  of  the  mixture  is  not 
due  to  the  formation  of  non-reducing  polysaccharides  is  shown  by  the  fact 
that  the  reducing  power  does  not  increase  on  hydrolysis  with  acid.  The 
fact  that  there  are  only  very  small  changes  in  the  amount  of  reserve  alkali 
shows  that:  (1)  there  is  no  saccharinic  acid  formation,  and  (2)  no  oxidation 
products,  which  would  be  acid,  are  formed.  Also,  in  an  atmosphere  of  hydro- 
gen and  under  conditions  in  which  all  possibility  of  the  existence  of  micro- 
organisms is  excluded,  as  at  75°,  there  takes  place  the  same  decrease  in  the 
reducing  power  of  the  sugar  mixture.  Under  the  same  conditions  of  concen- 
tration, very  nearly  the  same  quantities  of  aldose  and  ketose  sugars  are  formed 
whether  the  sugar  used  is  glucose  or  fructose.  Glutose  also  undergoes  this 
transformation,  yielding  aldose.  With  disodium  phosphate  there  is  always 
a  decrease  in  the  total  reducing  power  of  the  mixture. 

The  evidence  strongly  indicates  that  the  Lobry  de  Bruyn-van  Eckenstein 
reaction  do^s  not  represent  a  condition  of  true  equilibrium  when  carried  out 
with  disodium  phosphates.  There  also  occurs  a  splitting  of  the  hexose 
molecule,  probably  at  the  double  bonds  of  the  endiols.  In  these  reactions 
there  is  also  considerable  tar  formation;  but  in  the  presence  of  an  oxidizing 
or  reducing  agent  this  tar  formation  does  not  take  place.  The  tar  which  is 
formed  in  the  normal  course  of  the  reaction  arises  from  the  condensation  or 
polymerization  of  the  splitting  products.  When  there  are  present  substances 
which  can  react  with  the  splitting  products  this  polymerization  does  not  take 
place.  Thus,  in  the  presence  of  a  reducing  agent  such  as  activated  aluminum, 
acetone  is  formed;  the  latter  is  the  reduction  product  of  acetol  or  dioxyacetone, 
produced  by  the  dissociation  of  the  hexose  molecule.  It  therefore  seems 
highly  probable  that  the  catalytic  effect  of  disodium  phosphate  on  the  oxi- 
dation of  hexoses  is  due  to  the  dissociating  influence  of  this  salt,  and  that,  to  a 
considerable  measure  at  least,  the  reaction  of  the  oxidizing  agent  is  with 
the  splitting  products  rather  than  with  the  undissociated  sugar.  This  is 
supported  by  the  fact  that  the  rate  of  oxidation  in  the  system  described  in 
the  first  section  of  this  report  is  decidedly  greater  when  the  glucose  has  been 
previously  treated  with  disodium  phosphate.  Experiments  are  still  in 
progress  to  determine  the  nature  of  the  splitting  products  of  the  hexoses 
with  disodium  phosphate.  The  importance  of  determining  what  the  products 
of  dissociation  of  glucose  are  is  self-evident  and  it  is  hoped  that  these  re- 
searches will  contribute  to  the  chemistry  of  fermentation  and  carbohydrate 
metabolism.  It  has  become  evident  that  it  is  extremely  difficult  to  arrive 
at  any  definite  conclusions  regarding  the  nature  of  the  splitting  products  from 
oxidation  experiments.  Attempts  are  therefore  being  made  to  use  reducing 
agents  and  isolate  the  reduction  products.  These  have  already  met  with  some 
success. 
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Most  of  the  experiments  were  carried  out  at  37°  and  under  these  conditions 
there  was  no  evidence  that  there  was  any  hexose  phosphoric  ester  formation. 
At  higher  temperatures  small  amounts  of  combined  phosphate  appear  to 
be  formed. 

In  view  of  the  fact  that,  contrary  to  expectation,  there  was  absolutely 
no  evidence  of  polysaccharide  formation  when  hexoses  were  treated  with  diso- 
dium  phosphate,  similar  experiments  were  carried  out  using  sodium  carbonate. 
According  to  Nef  both  glucose  and  fructose  are  converted  into  polysac- 
charides in  solution  with  sodium  carbonate.  A  careful  repetition  of  Nef's 
experiments  failed  to  produce  even  small  amounts  of  polysaccharides. 

Absorption  of  Carbon  Dioxide  by  Leaf  Material,  by  H.  A.  Spoehr  and 

William  Newton. 

That  dried  and  powdered  leaves  of  Helianthus  are  capable  of  absorbing 
carbon  dioxide  has  been  repeatedly  verified.  Investigations  have  been 
directed  to  determine  the  nature  of  the  substance  in  the  leaf  which  absorbs 
this  gas,  and  to  establish  whether  this  is  a  property  common  to  all  organs 
capable  of  photosynthesis. 

The  ether-water  extract  of  powdered  Helianthus  leaves  on  addition  of  an 
equal  volume  of  95  per  cent  alcohol  produces  a  precipitate  which  absorbs 
carbon  dioxide,  about  25  mg.  per  gram,  under  a  partial  pressure  of  1.3  per  cent 
CO2.  A  second  precipitate  was  thrown  down  upon  again  adding  an  equal 
volume  of  alcohol.  This  precipitate,  although  more  soluble  in  water  than  the 
first,  had  about  the  same  absorption  capacity.  The  following  facts  are  of 
interest  in  regard  to  these  precipitates:  nitrogen  content,  24  mg.  per  gram; 
amino-nitrogen,  4.4  mg.  per  gram.  The  alcohol  precipitate  reduces  Bene- 
dict's solution,  and  the  reducing  power  is  greatly  increased  on  hydrolysis  with 
acids.  The  absorbing  material  can  be  dialyses  through  a  membrane,  but 
in  the  process  a  considerable  portion  of  the  material  is  lost.  Repeated 
attempts  to  purify  the  precipitated  material  by  solution  in  water  and  repre- 
cipitation  with  alcohol  resulted  in  a  product  of  very  nearly  the  same  absorptive 
capacity  and  nitrogen  content.  Similarly,  various  methods  of  obtaining  the 
precipitate  and  retreatment  with  ether,  acetone,  etc.,  did  not  result  in  a 
product  of  different  composition  or  properties.  Both  the  leaf  powder  and  the 
alcoholic  precipitate  are  effected  by  temperatures  of  100°  and  above,  result- 
ing in  a  decrease  in  absorptive  capacity. 

It  was  at  first  considered  probable  that  the  absorption  of  carbon  dioxide  was 
due  to  proteins,  on  the  basis  of  the  carbamino  reaction.  In  view  of  the 
experimental  facts  obtained,  however,  this  theory  has  had  to  be  abandoned. 

A  wide  variety  of  plant  material,  killed  and  dried  in  the  same  manner  as 
the  sunflower,  was  tried,  but  none  of  this  showed  an  unmistakable  capacity  of 
carbon  dioxide  absorption.  While  some  of  these  plants  yielded  alcoholic 
precipitates  which  absorbed  carbon  dioxide,  the  amounts  showed  wide  varia- 
tion, were  not  reproducible  with  material  obtained  at  different  times  of  the 
year,  and  were  considerably  below  that  of  the  Helianthus  product. 

One  of  the  chief  difficulties  of  determining  the  absorptive  capacity  of  plant 
material  is  due  to  the  fact  that  in  most  cases  this  has  a  high  post-mortal 
respiratory  activity.  When  the  material  is  not  previously  freed  from  carbon 
dioxide  no  evidence  of  absorption  can  be  obtained.  Different  plants  vary 
greatly  in  the  rate  of  post-mortal  respiration.     Various  poisons  and  narcotics 
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were  used  to  suppress  the  post-mortal  respiration,  but  these  have  much  less 
effect  on  the  post-mortal  respiration  than  on  the  normal  respiration.  Thus 
mercuric  chloride  and  mercuric  cyanide  in  0.02  molal  solution  suppress  the 
carbon  dioxide  evolution  but  very  little.  Phenylurethane,  which  has  a 
profound  effect  on  the  normal  respiration  of  plants,  is  virtually  without 
influence  on  the  post-mortal  respiration.  Acetone  and  ether  extraction, 
similarly,  reduced  the  rate  of  post-mortal  respiration  but  very  little. 

SOILS. 

Bacteria  of  Arroyo  Soil,  Tucson,  Arizona:  A  Summary  of  Results,  by 

Laetitia  M.  Snow. 

(1)  In  this  study  only  those  bacteria  are  considered  which  grow  aerobically 
on  ordinary  culure  media. 

(2)  The  soil  under  consideration  was  collected  at  depths  of  6  inches,  12 
inches,  and  24  inches  on  the  edge  of  Pantano  Wash  at  the  side  of  Tanque 
Verde  Road,  Tucson,  Arizona. 

(3)  The  average  annual  rainfall  for  6  years,  including  the  one  in  which  the 
soil  was  collected,  was  13.27  inches.  This  would  make  it,  according  to 
Lipman,  a  "truly  arid  soil." 

(4)  The  12-inch  layer  had  the  greatest  water-content,  both  in  actual  amount 
and  in  relation  to  water-capacity.  It  was  a  little  coarser,  and  had  a  larger 
amount  of  combustible  material  and  of  soluble  chlorides,  carbonates,  and 
sulphates  than  the  other  samples.  It  was  more  nearly  neutral  (pH  8.6)  than 
the  other  samples.  These  characteristics  were  correlated  with  the  highest 
bacterial  count. 

(5)  That  the  6-inch  layer  was  the  least  favorable  for  bacteria  was  shown 
by  the  lowest  count,  and  was  probably  due  to  the  fact  that  this  layer  was  the 
driest  and  had  the  least  combustible  material,  the  lowest  hydrogen-ion 
concentration  (pH  9.0),  and  the  largest  amount  of  nitrates  of  the  three. 

(6)  The  number  of  bacteria  per  gram  of  fresh  soil  for  the  three  depths  was 
as  follows:  6  inches,  401,000;  12  inches,  1,898,000;  24  inches,  916,500. 

(7)  Of  the  total  number  of  colonies  for  all  depths,  52.40  per  cent  were 
actinomycetes,  0.77  per  cent  were  filamentous  fungi,  and  46.81  per  cent  were 
yeasts  and  bacteria.  The  actinomycetes  were  actually  and  proportionally 
more  numerous  at  24  inches  than  at  6  or  12  inches. 

(8)  Of  the  colonies  which  were  not  recognizable  as  actinomycetes  and  were 
therefore  classed  as  yeasts  and  bacteria,  88.33  per  cent  were  white;  6.39  per 
cent  yellow;  0.28  per  cent  orange;  1.11  per  cent  red;  1.39  per  cent  fluorescent, 
and  2.50  per  cent  brown. 

(9)  Pure  cultures  were  isolated  from  the  plates  and  studied  morphologically 
and  culturally. 

(10)  Morphologically,  24.1  per  cent  were  coccuc,  or  coccoid;  20.4  per  cent 
were  short,  non-spore-bearing  rods;  13.0  per  cent  were  long  non-spore-bearing 
rods;  42.6  per  cent  were  long  spore-bearing  rods;  64.8  per  cent  were  gram 
negative. 

(11)  Culturally,  35.3  per  cent  fermented  glucose;  28.3  per  cent  fermented 
sucrose  and  only  one  form  fermented  lactose;  70.4  per  cent  digested  gelatin 
and  56.5  per  cent  digested  casein;  32.6  per  cent  reduced  nitrates  to  nitrites. 
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Influence  of  Moisture  on  Soil  Temperature,  by  Forrest  Shreve. 

During  the  arid  fore-summer  at  Tucson,  as  in  other  similar  localities,  the 
surface  layers  of  the  soil  reach  high  temperatures,  owing  to  the  bare  surface, 
continuous  insolation,  and  low  moisture  content  of  the  soil.  In  continua- 
tion of  work  on  the  influences  which  determine  the  temperature  of  the  soil,  an 
investigation  was  made,  in  May  and  June  1925,  of  the  influence  exerted  by 
increased  moisture  of  the  soil.  During  these  months  the  normal  moisture- 
content  of  the  soil  is  extremely  low  and  the  highest  soil-temperatures  are  to 
be  expected.  The  high  temperature  of  the  soil  plays  an  important  role 
among  the  conditions  which  make  the  arid  fore-summer  a  critical  period  for 
plants,  and  the  cooling  of  the  soil  by  the  midsummer  rains,  or  by  irrigation, 
is  an  important  factor  in  stimulating  activity  under  those  conditions. 

A  level  area  of  flood-plain  with  fine  clay  (adobe)  soil  was  selected,  three 
recording  thermographs  were  installed  20  feet  apart  at  a  depth  of  3  inches, 
and  areas  of  48  square  feet  were  marked  off  around  each  instrument.  Two- 
weeks  records  were  secured  in  order  to  assure  uniform  temperatures  in  the 
three  areas.  The  moisture  of  the  soil  was  raised  by  sprinkling  the  surface 
with  a  watering  pot,  using  measured  quantities  of  water,  and  applying  it 
uniformly  over  the  areas  during  a  period  of  20  to  50  minutes.  Owing  to  the 
puddling  of  the  surface  it  was  not  found  practicable  to  apply  more  than  the 
equivalent  of  0.5  inch  of  rainfall.  Water  was  applied  at  10  a.  m.,  when  the 
temperature  curve  is  rapidly  ascending. 

The  application  of  an  artificial  shower  of  0.5  inch  caused  a  check  in  the 
ascent  of  the  temperature  curve  in  30  to  45  minutes.  On  May  25  the  soil- 
temperature  was  100°  F.  at  noon,  and  reached  a  maximum  of  108°  at  3.30  p.  m. 
On  applying  0.5  inch  of  "rain"  on  the  morning  of  May  26  the  temperature 
fell  throughout  the  remainder  of  the  day,  being  81.5°  at  noon,  74°  at  3.30  p.  m., 
and  reaching  a  minimum  of  64°  as  compared  with  75°  on  the  previous  night. 
The  application  of  a  0.25  inch  rain  on  another  area  at  the  same  time  caused  a 
fall  to  85°  at  noon,  78°  at  3.30  p.  m.,  and  a  minimum  of  68°. 

Wettings  of  the  same  amounts  were  made  on  May  12  on  soil  with  an  average 
moisture-content  of  3.8  per  cent,  in  which  the  average  maximum  of  the 
preceding  week  had  been  104.2°,  the  minimum  68.5°.  Two  days  later  the 
moisture-content  was  determined  as  6.9  per  cent  for  the  0.5-inch  area  and  3.6 
per  cent  for  the  0.25-inch  area,  and  2.9  per  cent  for  the  control  area.  The 
average  temperatures  for  the  5  days  following  the  wetting  were:  for  the  0.5- 
inch  area,  maximum  95.8°,  minimum  59.2°;  for  the  0.25-inch  area,  maximum 
101.2°,  minimum  65.2°;  for  the  control,  maximum  109.7°,  minimum  66.4°. 

The  complete  deformation  of  the  normal  daily  temperature  curve  took  place 
in  all  cases  only  on  the  day  that  the  water  was  applied.  On  the  following  day 
the  curve  was  normal  in  form  but  reached  its  daily  maximum  30  to  60  minutes 
later  than  in  the  control.  There  was  a  marked  progressive  increase  in  the 
daily  maximum  for  5  to  6  days.  On  the  following  week  there  was  still  an 
effect  on  the  soil-temperature,  although  the  moisture  of  the  soil  had  returned 
so  nearly  to  the  condition  of  the  control  as  not  to  be  appreciably  different 
from  it  as  determined  with  the  large  error  of  the  customary  sampling  method. 
The  most  prolonged  effect  followed  a  0.5-inch  wetting  which  showed  a  lowering 
of  11°  below  the  control  12  days  afterwards. 

Under  natural  conditions  the  wetting  of  the  soil  is  accompanied  by  over- 
cast sky,  which  tends  to  heighten  its  effect.  However,  the  higher  humidity 
then  lessens  to  cooling  due  to  surface  evaporation. 


LABORATORY   FOR   PLANT   PHYSIOLOGY.  163 

A  similar  investigation  made  at  the  Coastal  Laboratory  in  1923,  in  sandy 
soil,  with  the  thermograph  bulbs  at  a  depth  of  6  inches  showed  a  lowering  of 
temperature  of  only  5°  to  6°,  with  the  cooling  effect  of  the  wetting  lasting 
only  5  days. 

ECOLOGY. 

Deserts  of  Northeastern  Lower  California,  by  Forrest  Shreve. 

In  November  1924  a  motor  expedition  was  made  by  three  members  of  the 
Department  from  Calexico,  California,  along  the  western  edge  of  the  delta 
of  the  Colorado  River  into  the  deserts  of  extreme  northeastern  Lower  Cali- 
fornia. The  highest  mountains  of  Lower  California,  the  San  Pedro  Martir 
Range,  are  situated  in  the  northern  part  of  the  peninsula,  and  the  region  lying 
in  their  lee  is  one  of  the  most  arid  places  in  North  America.  It  was  visited  at 
the  end  of  a  period  of  18  months  in  which  the  precipitation  in  the  surrounding 
region  had  been  far  below  normal,  and  the  vegetation  was  therefore  seen  under 
pronounced  conditions  of  aridity. 

South  of  the  mouth  of  Hardy's  Colorado,  which  skirts  the  western  edge 
of  the  delta,  there  is  an  extensive  mud  flat  about  50  miles  long  and  from  5  to 
20  miles  wide,  almost  all  of  which  is  devoid  of  plant  life.  The  Cucopa  and 
Sierra  Pinta  Mountains  are  low  isolated  ranges  which  lie  near  the  edge  of  the 
delta.  South  of  them  there  is  a  succession  of  ridges,  lying  in  a  northwest- 
southeast  direction,  running  from  the  central  mountain  axis  of  the  peninsula 
and  mostly  terminating  in  irregular  groups  of  volcanic  hills  on  or  near  the 
coast  of  the  Gulf  of  California. 

The  vegetation  of  the  region  as  a  whole  is  marked  by  the  sparsity  of  indi- 
vidual plants  and  by  the  small  number  of  species  represented.  The  lower 
slopes  of  all  of  the  mountains  and  hills  adjacent  to  the  Gulf  are  more  nearly 
barren  of  vegetation  than  any  such  situations  that  have  been  visited  else- 
where in  the  southwest.  A  few  individuals  of  a  single  species  of  cactus,  of  3 
species  of  shrubs,  and  of  1  species  of  grass  was  the  extent  of  the  vegetation 
found  in  a  number  of  slopes  examined.  The  outwash  slopes  nearest  the 
coast  bear  a  very  open  stand  of  Covillea  and  Franseria  dumosa,  but  the  higher 
slopes  nearer  the  hills  are  occupied  by  a  heavier  cover,  chiefly  formed  by 
some  12  species  that  are  of  wide  occurrence  throughout  Arizona  and  Sonora. 
The  commonest  and  largest  trees  are  Cercidium  and  Olneya.  Fouquiera 
splendens  here  reaches  its  maximum  development,  sometimes  attaining  to  a 
height  of  26  feet.  Elaphrium  microphyllum  and  E.  macdougalii  are  first  seen 
about  100  miles  south  of  the  Boundary.  Parosela  spinosa  is  abundant  in 
sandy  washes.  The  cacti  are  represented  by  7  species,  all  of  which  are  rela- 
tively infrequent.  Lophocereus  schottii  and  Pachycereus  pringlei  were  the 
only  forms  noted  which  do  not  grow  in  California. 

Throughout  the  region  visited  there  were  all  of  the  physiographic  and  vege- 
tational  features  of  the  most  arid  types  of  desert,  such  as  may  be  seen  in 
interior  California.  The  average  annual  precipitation  of  this  region  is  prob- 
ably less  than  2  inches,  with  frequent  periods  of  10  to  30  months,  with  no 
significant  falls  of  rain.  Under  such  conditions  the  topographic  influences 
on  the  local  distribution  of  vegetation  are  reduced  to  a  minimum.  The  dried 
remains  of  herbaceous  plants  indicated  that  the  infrequent  rainy  periods  are 
followed  by  the  appearance  of  ephemerals. 

In  spite  of  the  extremely  arid  conditions  that  had  been  prevailing  for  so 
many  months,  there  were  no  indications  that  the  commonest  plants  were 
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failing  to  rest  over  without  undue  loss  of  branches.  The  largest  trees  of 
Olneya  and  Cercidium  carried  no  larger  percentage  of  dead  branches  than  in 
the  more  favorable  parts  of  Arizona  and  Sonora.  The  ubiquitous  Covillea 
appeared  to  be  in  better  condition  here  than  it  is  at  Tucson  after  shorter 
periods  of  less  extreme  conditions.  These  facts  suggest  the  existence  of 
physiological  differences  between  the  individuals  of  these  species  in  different 
regions,  such  as  have  been  shown  to  exist  between  the  seasonal  branches  and 
foliage  of  the  same  plant  in  the  case  of  Encelia  farinosa,  growing  at  Tucson. 

An  Unusually  Arid  Season  in  Southern  Arizona,  by  Forrest  Shreve. 

It  is  characteristic  of  all  desert  regions  that  the  rainfall  is  not  only  low 
but  very  irregular  in  its  annual  totals.  The  bi-seasonal  rainfall  of  Southern 
Arizona  occurs  in  a  summer  period  (July,  August,  September)  and  in  a 
winter  period  (December,  January,  February,  March),  which  together 
yield  83  per  cent  of  the  average  annual  precipitation.  The  months  April, 
May,  and  June  invariably  constitute  a  period  of  extreme  aridity,  in  which  the 
activities  of  plants  are  reduced  to  a  minimum.  When  the  precipitation  of 
either  of  the  rainy  seasons  is  low  it  lengthens  the  period  of  aridity  from  10 
or  12  weeks  to  30  or  more  weeks,  and  with  each  succeeding  week  the  condi- 
tions for  plants  become  more  critical  at  an  accelerating  rate. 

At  the  Desert  Laboratory  the  winter  of  1924-25  had  the  lowest  rainfall,  with 
one  exception,  of  any  winter  since  the  beginning  of  the  Tucson  record  in 
1869.  The  average  winter  rainfall  is  3.45  inches.  In  1924-25  it  fell  to 
0.97  inch.  Only  twice  before  in  56  years  has  the  winter  total  fallen  below 
1.00  inch,  in  each  case  the  previous  and  succeeding  years  being  the  average. 
The  effect  of  the  low  winter  rainfall  of  1924-25  was  heightened  by  the  fact 
that  it  was  the  fifth  successive  winter  with  deficient  precipitation,  the  average 
for  the  5  years  being  1.76  inches.  Also,  the  summer  rainfall  of  1924  was  far 
below  the  normal. 

By  the  end  of  May  1925  the  perennial  vegetation  in  the  vicinity  of  the 
Desert  Laboratory  had  reached  a  condition  of  desiccation,  such  as 
has  not  been  seen  since  the  establishment  of  the  Laboratory  in  1903.  The 
herbaceous  ephemerals  failed  to  appear,  the  root  perennials  made  no  growth, 
and  the  large  perennials  and  succulents  exhibited  striking  evidences  of  the 
unusual  conditions.  As  this  is  the  third  year  that  seeds  of  herbaceous  ephem- 
erals have  been  unable  to  germinate,  and  as  no  new  crops  of  seed  have  been 
borne  for  three  years,  it  is  possible  that  losses  of  viability  and  the  eating  of 
seeds  by  birds  and  rodents  will  have  a  conspicuous  effect  on  the  herbaceous 
vegetation  of  the  next  rainy  spring. 

Covillea,  which  is  usually  in  full  leaf  throughout  the  dry  months,  became 
wholly  or  partially  defoliated.  Parkinsonia,  which  is  commonly  in  leaf  during 
the  winter,  produced  no  leaves,  and  during  April  and  May  the  trees  showed  an 
increasing  number  of  dead  twigs  and  branches,  and  complete  discoloration 
indicated  the  death  of  scores  of  individuals.  On  the  Desert  Laboratory 
domain  there  are  over  100  trees  of  Parkinsonia  which  have  been  found  to  be 
from  200  to  300  years  old.  Among  these  and  the  younger  individuals  more 
dead  trees  may  now  be  seen  than  have  previously  been  noted  throughout  the 
Tucson  region.  The  two  abundant  species  of  Acacia,  which  commonly  come 
into  leaf  in  April,  remained  leafless,  and  on  some  of  the  largest  bushes  half 
of  the  crown  was  dead  by  the  end  of  May.     Fouquiera  produced  a  crop  of 
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leaves  after  one  of  the  light  rains  in  December.  The  leaves  turned  yellow 
in  about  two  weeks,  but  were  not  shed  by  the  formation  of  the  usual  abscission 
layer  and  remained  on  many  of  the  plants  until  May. 

The  effects  of  the  extreme  drought  were  even  more  conspicuous  in  the 
cacti  than  in  the  non-succulent  plants.  Carnegiea  and  Ferocactus  were 
greatly  contracted,  the  platyopuntias  were  very  thin,  formed  no  new  joints, 
and  lost  many  of  the  old  ones;  the  cylindropuntias  dropped  all  of  their  ter- 
minal joints  and  the  older  ones  assumed  a  drooping  position.  The  only  cacti 
that  appear  unlikely  to  survive  are  young  plants  of  the  platyopuntias,  less 
than  6  years  old. 

In  contrast  to  the  abeyance  of  vegetative  activity  there  were  several 
perennials  which  bloomed  much  more  freely  than  usual.  In  Carnegiea  the 
flowers  are  commonly  confined  to  the  summit  of  the  trunk.  In  1925  the 
summits  were  crowded  with  flowers  and  others  appeared  down  the  sides  of 
the  trunk  and  limbs,  often  being  abundant  for  6  feet  from  the  top.  On  the 
cylindropuntias  the  flowers  were  very  few,  and  on  the  platyopuntias  none 
appeared.  Among  the  trees  and  shrubs  no  flowers  appeared  during  the  spring 
on  Parkinsonia,  Covillea,  and  Acacia.  On  Fouquiera  and  Prosopis  flowers 
were  produced  in  greater  abundance  than  usual.  The  tree  Olneya  blooms  only 
two  or  three  times  in  each  decade,  with  no  obvious  relation  to  external  con- 
ditions. In  the  spring  of  1925  it  produced  a  heavy  crop  of  flowers.  The 
night-blooming  Peniocereus  greggii  flowered  about  6  weeks  earlier  than  its 
previously  invariable  date. 

The  relative  severity  of  the  drought  conditions  was  found  to  extend  to  the 
higher  altitudes  of  the  mountains  adjacent  to  Tucson.  New  leaves  usually 
appear  on  the  evergreen  oaks  in  the  early  spring  and  ordinarily  function  until 
the  following  spring.  Early  in  June  the  leaves  of  the  oaks  were  turning 
yellow  and  falling.  In  place  of  the  customary  spring  activity  of  plants  above 
6,000  feet,  there  was  no  progress  up  to  the  middle  of  June  except  slight  shoot 
growth  in  coniferous  trees,  the  appearance  of  shoots  from  the  perennial  roots 
of  Frasera  and  Dugaldea,  and  the  growth  of  all  streamside  plants. 

It  is  obvious  that  the  moisture-content  of  the  soil  would  be  low  in  such 
a  period  as  this.  A  number  of  determinations  made  during  May  and  June 
at  3  to  12  inches  discovered  no  soils  with  more  than  3  per  cent  of  moisture, 
and  one  sample  at  3  inches  had  only  1  per  cent  of  moisture. 

Some  of  the  most  interesting  results  of  this  exceptionally  dry  period  will 
be  secured  only  after  a  wet  period  has  given  an  opportunity  for  resumption 
of  activity. 

Physiography  of  the  Colorado  Delta,  by  Godfrey  Sykes. 

Important  changes  are  still  taking  place  in  the  delta  and  estuary  of  the 
Colorado,  in  consequence  of  the  tendency  of  the  river  to  establish  an  align- 
ment to  the  westward  of  its  abandoned  channel  along  the  foot  of  the  Donoran 
mesa. 

The  situation  has  given  rise  to  many  interesting  phases  of  deltaic  develop- 
ment hindered  in  some  instances  and  accelerated  in  others  by  the  luxuriant 
plant  growth  of  the  region,  which  have  well  merited  the  closest  observation  of 
geographer  and  ecologist.  The  movement  of  silt  into  tidewater  has  been 
almost  entirely  cut  off  for  the  past  20  years,  owing  to  the  movements  of  the 
river  within  the  delta  which  have  been  outlined  above.    The  seasonal 
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fluctuation  has  been  much  reduced  by  the  demands  of  irrigation  in  the  river 
basin  at  the  period  of  peak  discharge,  and  the  great  tides  are  for  the  present 
the  predominating  influence  in  shaping  and  controlling  this  portion  of  the 
river  system. 

Prior  to  1905  the  river  had  remained  for  many  years  in  undisturbed  occupa- 
tion of  a  meander  belt  which  extended  in  a  fairly  straight  line  from  a  point  at 
the  base  of  Pilot  Knob,  some  6  miles  west  of  Yuma,  to  the  confluence  of  the 
Colorado  with  the  Hardy,  at  the  head  of  the  estuary.  Continual  raising  of 
the  bed  and  banks  by  the  deposition  of  silt  which  had  been  held  in  suspension 
in  the  more  swiftly  moving  water  of  the  upper  reaches  of  the  river,  together 
with  the  heavy  load  of  bottom-drift  swept  from  the  friable  beds  of  the  mesa 
edge,  had  brought  about  a  condition  of  instability  throughout  this  delta 
section  and  made  inevitable  an  early  breakaway  to  the  westward.  Further 
movement  toward  the  east  was  rendered  practically  impossible  by  the  higher 
ground  of  the  mesa,  which  extends  downward  on  that  side  almost  to  the 
head  of  tidewater.  When  the  series  of  incidents  took  place  which  led  to  the 
temporary  diversion  of  the  full  volume  of  the  river  flow  into  the  Salton  Basin 
in  1905,  and  the  abandonment  of  the  channel  below  the  diversion  point  for  a 
period  of  many  months,  the  growth  of  vegetation  in  the  now  dry  bed  soon 
made  its  permanent  re-occupation  by  the  river  extremely  unlikely.  A  line  of 
levees  constructed  parallel  to  the  western  bank,  in  the  hope  of  confining  it  to 
the  limits  of  its  former  meander  belt,  soon  proved  to  be  quite  inadequate. 
A  series  of  breaches  in  the  soft  bank  followed  with  each  succeeding  period  of 
high  water,  which  culminated  in  the  Summer  of  1909  in  the  final  diversion  of 
the  whole  flow  into  the  Abe j as,  which  had  previously  existed  as  a  compara- 
tively unimportant  blind  distributary  of  very  limited  carrying  capacity  and 
without  any  definite  outlet.  Its  general  course  was  southwest,  and  its  waters 
had  heretofore  passed  either  into  an  impermanent  sheet  of  water  known  as 
Volcano  Lake,  or  by  means  of  a  series  of  minor  distributaries  into  tidewater 
at  the  head  of  the  Hardy. 

When  the  full  volume  of  the  flow  of  the  Colorado  reached  this  region  of 
small  channels,  which  were  in  addition  lined  and  surrounded  with  a  dense 
growth  of  vegetation,  congestion,  flooding,  and  the  deposition  of  silt  took 
place  very  rapidly  and  a  secondary  delta,  many  square  miles  in  area,  was 
rapidly  formed. 

By  1922  this  continued  upbuilding  of  the  region  had  produced  a  dangerous 
slope  toward  the  northwest,  and  the  situation  was  considered  to  be  one  of 
serious  danger  for  the  communities  in  the  Imperial  Valley.  To  obviate  this 
danger  a  great  diversion  cut  was  planned  and  constructed,  which  taps  the 
southern  bank  of  the  Abe  j  as  at  a  point  at  which  it  still  occupies  a  definite  and 
stable  channel,  extends  for  about  4  miles  due  south,  and  delivers  the  entire 
flow  of  the  river  in  the  general  direction  of  tidewater. 

Another  great  secondary  delta  is  now  forming  at  the  lower  end  of  this 
artificial  channel,  in  which  some  remarkable  instances  of  the  rapid  burying  of 
the  preexisting  vegetation,  the  survival  of  some  species,  the  obliteration  of 
others,  and  the  reoccupation  of  the  region  by  a  luxuriant  growth  of  species 
common  to  the  delta,  with  each  succeeding  flood,  are  seen. 

Journeys  of  observation  have  also  been  made  down  and  into  the  southwest 
side  of  the  main  delta,  and  one  of  these  was  extended  as  far  as  San  Felipe 
Point,  which  marks  the  termination  of  the  extension  of  the  river  drift  and 
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outwash  down  the  coast  of  the  Lower  Calif ornian  peninsula.  It  was  ascer- 
tained on  this  trip,  in  continuation  of  former  measurements,  that  a  steady 
advance  of  the  fringe  of  alluvial  matter  of  river  origin  which  masks  this  shore 
is  still  taking  place.     The  gain  has  been  about  2  miles  in  the  last  30  years. 

Another  journey  of  great  interest  was  made  down  the  abandoned  and  dry 
main  channel  of  the  river  from  the  point  of  the  Abe j  as  diversion  toward  the 
mouth  of  the  Hardy.  The  old  bed  was  entered  with  a  motor  car  just  within 
Mexican  territory,  and  was  followed,  with  various  necessary  detours,  for  a 
distance  of  nearly  40  miles,  until  further  progress  was  made  impossible  by  the 
infiltration  of  water  from  the  west.  It  is  difficult  at  times  to  recognize  this 
former  navigable  channel  as  any  part  of  a  recent  river  bed.  Trees  with  trunks 
up  to  a  foot  in  diameter,  dense  thickets  of  smaller  vegetation,  and  here  and 
there  open  glades  of  grass,  must  now  be  avoided,  penetrated,  or  passed 
through  in  an  effort  to  trace  the  former  alignment.  A  most  noticeable  point 
is  the  absence  of  sand  or  gravel  in  the  floor  of  the  depression.  The  material 
is  almost  universally  a  soft  and  friable  silt,  with  occasional  pockets  of  dried 
and  sun-baked  mud  in  the  sites  of  former  eddies  and  backwaters. 

Ecology  of  the  Strand  Vegetation  of  the  Pacific  Coast  of  North  America,  by 

William  S.  Cooper. 

Exploration  of  the  coast  of  California  has  been  continued  during  the  spring 
and  summer  of  1925.  Airplane  maps  of  important  areas  at  Ano  Nuevo 
Point,  San  Mateo  County,  and  in  the  vicinity  of  Monterey,  have  been 
obtained  through  the  courtesy  of  the  Air  Service  of  the  War  Department,  and 
these  have  proved  to  be  a  very  satisfactory  means  of  determining  the  dis- 
tribution of  plant  communities  in  relation  to  topography  and  physiographic 
age  of  the  substratum.  Areas  of  sand-dune  vegetation  in  various  stages  of 
development,  under  observation  since  1919,  have  been  resurveyed.  Vertical 
photographic  records  have  been  made  of  certain  selected  areas. 

In  connection  with  the  expedition  from  the  Desert  Laboratory  to  the  coast 
of  Sonora  in  April  1925,  observations  were  made  upon  the  strand  vegetation  of 
that  portion  of  the  shore  of  the  Gulf  of  California.  A llenrolfea  occidentalis  and 
Atriplex  barclayana  are  the  principal  initiators  of  foredunes.  No  species  in 
common  with  the  Californian  coast  were  noted.  The  older  dune  areas  sup- 
port a  vegetation  not  differing  materially  from  the  normal  desert  type 
prevalent  nearby. 

Expedition  to  the  Gulf  of  California,  by  Forrest  Shreve. 

In  April  1925  an  expedition  was  made  from  Tucson  to  the  deserts  of  north- 
western Sonora  and  the  shores  of  the  Gulf  of  California.  The  party  was  led 
by  two  members  of  the  Department  and  was  joined  by  Dr.  Vladimir  Ulehla, 
of  Masaryk  University,  Brno,  Czechoslovakia;  Dr.  W.  H.  Hobbs,  of  the 
University  of  Michigan;  Dr.  W.  S.  Cooper,  of  the  University  of  Minnesota; 
and  Professor  F.  J.  Crider,  Director  of  the  Boyce  Thompson  Southwestern 
Arboretum,  at  Superior,  Arizona. 

The  route  was  essentially  the  same  as  that  followed  by  an  expedition  from 
the  Desert  Laboratory  in  November  1923  (see  Year  Book,  1924),  but  it  was 
possible  on  this  trip  to  make  a  more  careful  examination  of  the  natural 
features  of  the  region  traversed.  The  interests  of  the  party  were  chiefly  in 
physiography  and  ecology,  with  particular  regard  to  the  relative  importance 
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of  water  and  wind  in  erosion,  and  with  reference  to  the  occurrence  and  dis- 
tribution of  the  characteristic  plant  communities  and  the  seasonal  behavior 
of  the  massive  cacti  and  some  of  the  trees  and  shrubs  characteristic  of  the 
region.  The  cultural  possibilities  of  the  plants  of  the  Sonoran  desert  were 
given  consideration  for  the  first  time  by  Professor  Crider,  who  made  a  large 
collection  of  living  material  for  his  institution.  Dr.  Ulehla  was  able  to 
secure  important  collections  of  plant,  animal,  and  mineralogical  material 
for  his  university,  including  a  large  series  of  beetles  and  other  insects.  Dr. 
Cooper  made  an  examination  of  the  strand  and  dunes  in  connection  with  his 
work  on  the  dynamics  of  the  vegetation  of  these  habitats,  which  he  has 
already  pursued  at  a  number  of  localities  from  Alaska  to  southern  California. 

The  rain  gages  which  had  been  installed  at  three  localities,  17  months  before, 
were  read  for  the  second  time,  and  two  additional  gages  and  two  maximum- 
minimum  thermometers  were  installed  at  localities  near  the  Gulf  Coast.  The 
normal  rainfall  of  the  winter  months  is  probably  not  more  than  2  to  3  inches. 
In  common  with  the  surrounding  region,  the  precipitation  of  the  winter  of 
1924-25  had  been  very  light,  and  the  effects  were  plainly  written  in  the 
condition  of  the  desert  perennials.  These  were  all  in  a  resting  condition  with 
the  exception  of  a  few  suffrutescent  composites  living  in  sandy  streamways 
and  a  few  species  in  the  vicinity  of  the  strand.  The  gigantic  Pachycereus 
pringlei  was  in  flower  and  fruit,  but  all  other  cacti  were  inactive.  Lemaireo- 
cereus  ihurberi  had  taken  on  an  extremely  yellow  color,  due  to  drought,  and 
many  cases  were  noted  in  which  large  branches  or  entire  plants  had  recently 
died.  None  of  the  trees  and  shrubs  showed  the  activities  characteristic  of 
the  spring  months,  except  that  Prosopis  was  coming  into  leaf  and  Olneya 
was  flowering  freely. 

The  unfavorable  effect  which  is  exerted  on  the  vegetation  by  long  periods 
of  low  precipitation  extends  also  to  the  animal  life.  Deer,  antelope,  and  the 
many  species  of  rodents  depend  on  grass  and  browse,  and  some  of  the  rodents 
and  birds  rely  upon  the  seed  crop.  The  uninhabited  stretches  of  northern 
Sonora  are  particularly  favorable  for  animal  life,  and  in  normal  seasons  its 
abundance  is  evident.  In  April  1925  the  scarcity  of  mammals  and  birds 
gave  clear  evidence  of  the  unusual  conditions  that  were  prevailing. 

Excellent  photographic  records  were  secured  of  physiographic  features, 
vegetation,  and  the  strand.  With  a  cinemakodak,  Dr.  Cooper  obtained 
motion  pictures  of  animal  life,  dust  storms,  and  some  of  the  striking  types  of 
cacti,  as  well  as  glimpses  of  the  life  and  primitive  appliances  of  the  natives. 
The  equipment  of  the  expedition  included  several  new  devices  for  meeting 
the  conditions  of  desert  travel.  Particularly  useful  was  a  specially  con- 
structed still,  with  which  it  was  possible  to  obtain  an  abundant  supply 
of  drinkable  water  from  sea-water  and  from  the  unsafe  open  wells  of  the  re- 
mote Mexican  ranches. 

A  Cycle  of  the  Salton  Sea,  by  D.  T.  MacDougal. 
The  vegetational  movements  in  the  vast  delta  of  the  Colorado  River 
and  of  the  appendant  dry  sunken  basins  have  been  the  subject  of  much  atten- 
tion by  members  of  the  Department  for  21  years.  The  formation  of  a  body  of 
water  in  one  of  these  desert  basins  known  as  the  Salton  Sea,  and  its  shrinkage, 
gave  opportunity  for  some  intensive  studies  in  development  of  desert  con- 
ditions which  have  been  described  in  full  in  previous  publications.  A  few 
features  of  general  interest  present  themselves  at  the  present  time. 
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The  lake  had  an  area  of  450  square  miles  and  a  depth  of  about  84  feet  at  its 
maximum.  By  yearly  losses  by  evaporation  of  100  to  110  inches  and  seepage 
of  unknown  amount,  with  inflow  of  wastage  from  the  great  irrigation  system, 
artesian  wells  and  occasional  drainage,  the  lake  has  come  down  to  a  stage 
where  it  fluctuates  about  a  mean  of  250  feet  below  sea-level,  and  an  area  of 
about  250  square  miles. 

The  water  now  carries  about  4  per  cent  of  salts  which  increase  from  year 
to  year.  The  consequent  salinity  of  the  beaches  is  such  that  Spirostachys, 
or  pickle-weed,  is  the  only  plant  that  comes  in  on  newly  made  strands.  The 
deltas  of  the  inflowing  Alamo  and  New  Rivers  are,  of  course,  occupied  by 
Salix,  Populus,  Typha,  Prosopis,  and  herbaceous  plants  characterizing  fresh 
alluvial  in  this  region. 

The  disappearance  of  several  species  from  "ancient"  strands  at  high  level 
within  recent  years  is  indicative  of  a  rate  of  change  which  fully  justifies  earlier 
conclusions  that  the  lake  occupied  the  entire  basin  at  some  time  within  the 
last  4  centuries. 

The  course  of  events  at  the  present  time  in  the  delta  of  the  Colorado  are 
described  in  a  preceding  section. 
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DEPARTMENT  OF  TERRESTRIAL  MAGNETISM.1 

Louis  A.  Bauer,  Director. 

John  A.  Fleming,  Assistant  Director. 

GENERAL  SUMMARY. 

INTRODUCTION. 

The  present  annual  report,  covering  the  period  July  1,  1924,  to  June  30, 
1925,  emphasizes,  perhaps  more  than  any  previous  report,  the  advantage  of 
combination  of  facilities  for  observation,  experiment,  and  investigation. 
The  phenomena  of  Nature  which  come  within  the  originally  outlined  scope 
of  the  Department,  concerning  the  magnetic  and  electric  condition  of  the 
Earth  and  its  enveloping  atmosphere,  are  of  such  a  complex  character  that, 
like  those  of  astronomy,  they  require  first  of  all  incessant  observation.  Some 
of  the  facts  observed  may  be  simulated,  in  a  certain  measure,  by  experiments 
in  the  laboratory,  which  may  pave  the  way  to  physical  interpretation.  Other 
facts  of  observation  are  of  such  a  character  as  to  defy  all  attempt  to  arrive 
at  an  explanation  by  laboratory  investigation.  Here  a  theoretical  analysis 
of  the  accumulated  facts  may  lead  to  some  clue,  which  will  serve  as  a  working 
hypothesis  for  further  intelligent  observation  or  as  a  guide  for  suggestive 
experimental  attack.  Hence,  to  accomplish  our  purpose,  observation, 
experiment,  and  theory  must  ever  go  hand  in  hand. 

Evidence  will  be  found  in  this  report  that  good  progress  has  been  made 
during  the  year  in  the  elucidation  and  interpretation  of  magnetic  and  electric 
phenomena  of  interest,  not  alone  to  students  of  the  Earth's  magnetism  and 
electricity,  but  also  to  the  physicist,  the  geologist,  the  astronomer,  and  to 
the  ever-increasing  circle  of  those  interested  in  the  mysteries  of  radiotele- 
graphy  and  telegraphic  transmission.  Several  recent  investigations  have 
conclusively  shown  that  the  Earth's  magnetic  field  has  an  appreciable  effect 
on  the  electric  waves  used  in  wireless  transmission,  and  that  there  is  a  distinct 
relationship  between  terrestrial  magnetic  disturbances  and  certain  radio 
phenomena. 

One  of  the  mooted  questions,  which  has  been  the  subject  of  discussion  for 
well-nigh  a  quarter  of  a  century,  as  to  whether  there  exists  in  the  region 
above  us  an  electrically  conducting  layer,  is  approaching  definite  solution 
by  experimental  and  theoretical  attack.  The  existence  of  such  a  layer,  the 
determination  of  its  height  above  the  Earth's  surface  and  of  other  properties, 
at  different  times  and  under  varying  atmospheric  and  solar  conditions,  have 
important  bearings  in  terrestrial  magnetism,  atmospheric  electricity,  and 
radiotelegraphy.  Various  agencies  have  taken  part  and  cooperated  in  a 
stimulating  manner  with  the  Department  in  these  investigations,  notably 
the  Radio  Corporation  of  America,  the  Westinghouse  Electric  and  Manu- 
facturing Company,  the  American  Telephone  and  Telegraph  Company, 
Naval  Research  Laboratory,  Bureau  of  Standards,  Johns  Hopkins  University, 
Harvard  University,  Princeton  University,  and  Massachusetts  Institute  of 
Technology.  For  further  information,  reference  may  be  made  to  pages 
173,  176,  and  220. 
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deserves  special  mention  because  of  its  interest  alike  to  students  of  physics, 
terrestrial  magnetism,  and  geology.  It  is  the  question  as  to  the  effect  of 
pressure  on  the  critical  temperature  of  magnetization.  The  results  obtained 
thus  far  on  nickel  indicate  that  under  the  conditions  of  experimentation  the 
effect  of  increased  pressure  on  the  temperature  is  small.  The  continuation 
of  this  investigational  work  may  lead  to  an  answer  to  the  inquiry  as  to  how 
deep  down  in  the  Earth's  crust  may  be  found  rocks  in  a  magnetized  condi- 
tion (see  pp.  173  and  177). 

Additional  progress  has  been  made  with  regard  to  correlations  between 
solar  activity  and  the  Earth's  magnetic  and  electric  activity.  A  discussion 
of  the  atmospheric-electric  observations  made  aboard  the  Carnegie,  1915-1921, 
confirmed  the  general  results  derived  from  the  data  at  observatories  in 
western  Europe,  namely  that  certain  phenomena  of  atmospheric  electricity 
wax  and  wane  in  activity  during  a  sun-spot  cycle,  just  as  do  polar  lights, 
magnetic  storms,  and  other  variations  of  the  Earth's  magnetism  (see  pp. 
173,  174,  179,  and  205). 

The  accumulated  ocean  data  in  atmospheric  electricity  have  made  it  pos- 
sible to  attempt,  for  the  first  time,  the  construction  of  isoelectric  charts  for 
the  greater  portion  of  the  Earth — the  oceans. 

The  facts  revealed  by  the  analysis  and  discussion  of  the  ocean  data  not 
only  show  the  intimate  relationships  existing  between  the  main  lines  of  re- 
search of  the  Department  but  bid  fair  to  assist  effectively  in  the  solution 
of  some  of  the  perplexing  problems  of  the  Earth's  magnetism  and  electricity. 
It  would  seem  to  be  of  the  utmost  importance  that  the  observational  and  in- 
vestigational work  aboard  the  Carnegie,  as  outlined  on  pages  183  to  184,  be 
undertaken  at  an  early  date. 

INVESTIGATIONAL  WORK  IN  WASHINGTON. 

The  general  investigational  work  conducted  during  the  period  July  1, 
1924,  to  June  30,  1925,  in  the  Laboratory  of  the  Department  at  Washington 
was  as  follows : 

TERRESTRIAL  MAGNETISM   AND   ELECTRICITY. 

(a)  Analysis  of  the  Earth's  magnetic  field. — In  the  preparation  of  a  paper 
entitled  The  Mathematical  Analysis  of  the  Earth's  Magnetic  Field  various  ques- 
tions relating  to  the  interpretation  of  the  observational  results,  as  revealed 
by  the  analysis,  were  investigated  by  the  Director.  The  paper  was  pre- 
sented at  the  Toronto  meeting  of  the  International  Mathematical  Congress 
on  August  16,  1924,  the  Director  having  been  designated  by  the  President  of 
the  Institution  as  a  delegate  to  this  Congress.  For  an  abstract  of  this  paper, 
see  page  202. 

(b)  Correlations  between  solar  activity,  atmospheric  electricity,  and  terrestrial 
magnetism. — Some  of  the  questions  which  arose  in  connection  with  investi- 
gations (a)  indicated  the  desirability  of  extending  investigation  (6),  already 
mentioned  on  page  146  of  last  year's  Annual  Report,  with  the  aid  of  all  avail- 
able data  at  observatories  during  the  past  7  sun-spot  cycles,  namely,  from 
1843-1922.  The  atmospheric-electric  data  obtained  aboard  the  Carnegie, 
especially  during  the  period  1915-1921,  were  found  to  be  a  powerful  aid  in  this 
investigation  for  the  reason  that  the  ocean  data  are  less  subject  than  land 
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data  to  local,  disturbing  causes.  Chief  assistance  was  received  by  the  Direc- 
tor in  this  investigation  from  Messrs.  Peters,  Duvall,  Ennis,  and  Kolar.  It 
was  found  that  some  of  the  phenomena  of  terrestrial  magnetism  and  at- 
mospheric electricity  are  more  closely  associated  than  has  heretofore  been 
thought  to  be  the  case,  and  that  the  physical  interpretation  of  the  two  sets 
of  geophysical  phenomena  are  intimately  related.  (See  abstracts  of  various 
papers  on  pp.  203  to  206.) 

(c)  Annual  variation  of  atmospheric  electricity. — The  investigation  of  this 
phenomenon  was  also  undertaken,  with  the  aid  of  accumulated  data  at  obser- 
vatories and  of  the  Carnegie  ocean  data,  with  the  view  of  its  possible  bearing 
on  outstanding  questions  in  terrestrial  magnetism.  The  chief  results  are 
given  in  the  abstract  on  page  205. 

(d)  Effect  of  pressure  on  the  critical  temperature  of  magnetization. — After 
various  conferences  with  Dr.  Day  and  Dr.  Adams  of  the  Geophysical  Labor- 
atory, Professor  Bridgman  of  Harvard  University,  and  Dr.  Burgess,  director 
of  the  Bureau  of  Standards,  in  which  either  the  Director  of  the  Department, 
the  Assistant  Director,  or  Dr.  Breit,  participated,  definite  plans  were  formu- 
lated for  a  cooperative  investigation  by  the  Geophysical  Laboratory,  where 
facilities  for  the  required  pressures  were  available,  and  the  Department  of 
Terrestrial  Magnetism.  Dr.  Adams  of  the  Geophysical  Laboratory  and  Mr. 
Green  of  the  Department  accordingly  have  been  conducting  jointly  the  ex- 
perimental work  since  November  1924.  For  a  brief  statement  of  the  results 
obtained  up  to  June  30,  1925,  see  page  177. 

(e)  Existence  and  height  of  Kennelly-Heaviside  conducting  layer. — This 
investigation  has  been  in  charge  of  Dr.  Gregory  Breit,  who  was  appointed 
mathematical  physicist  July  1, 1924.  After  conferences  with  the  chief  persons 
interested  in  the  problem,  who  are  connected  with  various  governmental, 
industrial,  and  university  laboratories,  the  plan  of  attack  described  on  pages 
176  and  220  was  decided  upon.  Dr.  Breit  was  assisted  in  this  investigation 
by  Mr.  M.  A.  Tuve,  instructor  of  physics  at  the  Johns  Hopkins  University, 
who  was  on  duty  at  the  Laboratory  of  the  Department  from  June  15  through 
August  1925. 

(/)  Experimental  work  in  atomic  physics,  magnetism,  and  electricity. — The 
researches  and  papers  on  atomic  physics,  average  conductivity  of  the  Earth, 
aurora,  skin  effect,  resonance  radiation,  and  permeability  of  iron  conducted 
by  Dr.  Breit  with  the  assistance  of  Messrs.  G.  R.  Wait,  A.  Ellett,  M.  A. 
Tuve,  and  C.  Huff  (whose  instrumental  skill  and  designs  contributed  no 
small  part)  are  described  in  detail  on  pages  175  to  177  and  210  to  212.  As 
will  be  seen,  significant  progress  was  made  in  these  subjects. 

(g)  Magnetic  charts  for  polar  regions. — Mr.  Peters,  in  addition  to  taking 
part  in  investigations  (a),  (b),  (c),  (h),  and  (j),  continued  the  compilation 
and  reduction  of  available  magnetic  data  in  the  polar  regions  for  use  in  the 
complete  analysis  of  the  Earth's  magnetic  field.  Graphs  showing  secular 
changes  in  the  magnetic  elements  were  prepared  and  the  data  reduced 
thereby  to  the  epoch  1913.5. 

(h)  Abruptly  beginning  magnetic  disturbances. — This  is  in  continuation  of 
an  investigation  begun  in  1910  with  regard  to  the  important  question  as  to  the 
simultaneity  over  the  entire  globe  of  abruptly  beginning  magnetic  disturb- 
ances. The  investigation  was  resumed  with  the  aid  of  additional  typical 
cases  of  these  interesting  disturbances  which  occurred  during  the  period 
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1922  to  1925,  when  data  were  available  from  the  magnetic  observatories  of  the 
Institution,  besides  those  from  other  observatories.  The  United  States 
Coast  and  Geodetic  Survey  cooperated  most  readily  and  effectively  with  the 
Department  in  this  investigation.  Mr.  Peters  made  a  special  study  of  the 
use  of  stereographic  projections  in  the  investigation  of  progression  of  magnetic 
disturbances  (see  p.  219).  Messrs.  Duvall  and  Ennis  also  contributed 
effectively  in  this  investigation.  For  information  as  to  chief  conclusions 
reached,  see  abstract  on  page  208. 

(i)  On  measures  of  activity  of  the  Sun  and  of  Earth's  magnetism  and  elec- 
tricity.— In  response  to  requests  from  the  respective  chairmen,  memoranda 
were  prepared  giving  the  results  of  the  Director's  investigations  to  date  on 
these  measures  for  the  use  of  the  Commission  of  Solar  Physics  of  the  Inter- 
national Astronomical  Union  and  for  the  committee  of  the  International 
Research  Council  dealing  with  relations  between  solar  activity  and  geo- 
physical phenomena.  A  paper  on  this  subject  by  Messrs.  Bauer  and  Duvall 
is  to  be  published  in  the  Journal  of  Terrestrial  Magnetism  and  Atmospheric 
Electricity. 

(j)  Isoelectric  charts  for  the  oceans. — The  reduction  of  atmospheric  potential- 
gradient  observations,  made  on  the  cruises  of  the  Carnegie,  to  the  common 
epoch  1918.5  and  sunspottedness  55,  was  begun  with  the  assistance  of 
Messrs.  Peters,  Duvall,  and  Ennis.  The  indications  are  that  it  is  worth 
while  with  the  aid  of  our  accumulated  ocean  data  to  make  a  first  attempt  to 
construct  such  charts  for  the  greater  portion  of  the  Earth. 

(k)  Research  associates. — Dr.  A.  E.  Kennelly,  professor  of  electrical  en- 
gineering at  the  Massachusetts  Institute  of  Technology  and  at  Harvard 
University,  and  Dr.  S.  J.  M.  Allen,  professor  of  experimental  physics  at  the 
University  of  Cincinnati,  were  reappointed  by  the  Institution  as  research 
associates  for  cooperative  work  in  terrestrial  electricity  with  the  Department 
of  Terrestrial  Magnetism.  Helpful  and  stimulating  conferences  were  held 
with  them  at  Washington,  and  elsewhere,  as  opportunity  afforded.  Dr. 
Kennelly's  attention  in  these  conferences  was  devoted  chiefly  to  consideration 
of  the  researches  in  progress  on  the  conducting  layer  and  in  the  investigations 
of  the  atmospheric-electric  results,  particularly  those  obtained  at  sea.  Before 
sailing  for  Europe  in  June  1925,  he  made  the  necessary  arrangements  for  the 
employment  of  an  assistant,  Mr.  Martin  C.  Grabau,  to  conduct  cooperative 
experiments  during  the  summer  of  1925  at  Cruft  Laboratory  of  Harvard 
University  in  connection  with  investigation  (e)  on  the  existence  and  height 
of  the  conducting  layer.  Dr.  Allen,  during  the  summer  of  1924,  conferred 
with  eminent  investigators  in  Great  Britain,  at  Cambridge,  London,  Kew 
Observatory,  and  Eskdalemuir  Observatory,  on  problems  of  atmospheric 
electricity  of  special  interest.  In  reporting  on  these  conferences  Dr.  Allen 
concludes  with  the  remark:  "It  would  seem,  in  my  opinion,  that  the  contin- 
uance of  regular  observations  of  the  various  electrical  quantities  over  sun- 
spot  periods,  their  careful  interpretation  and  coordination,  and  future  work 
on  thunderstorms  and  aurorae,  will  do  much  to  give  us  some  idea  of  the 
very  complex  causes  of  atmospheric  ionization."  After  return  to  his  duties 
at  the  University  of  Cincinnati  he  arranged  with  one  of  his  students,  Mr. 
Robert  T.  Foreman,  for  some  experimental  work  regarding  evidence  of  an 
approximately  north-and-south  directive  force  in  the  electric  field  of  the 
atmosphere.     A  preliminary  report  on  this  work  was  submitted  by  Dr.  Allen 
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in  June  1925,  and  the  conclusion  was  reached  that  it  would  be  worth  while  to 
continue  the  experiments  at  Dr.  Allen's  summer  home  in  Nova  Scotia. 

(I)  Miscellaneous  investigations. — Dr.  Breit  has  investigated  a  variety 
of  outstanding  questions  pertaining  chiefly  to  mathematical  physics;  impor- 
tant papers  by  him  on  these  are  abstracted  on  pages  210  to  211. 

Mr.  Ricketson  of  Dr.  Morley's  staff  investigating  the  Maya  ruins  near 
Chichen  Itza,  Yucatan,  Mexico,  sent  descriptions  and  sketches  of  ruins  of  the 
Caracol  there  revealing  two  new  lines  of  sight  windows  and  a  vertical  circular 
shaft.  Mr.  Peters  investigated  the  details  of  these  sketches  and  found 
evidence  therefrom  that  the  Caracol  was  an  observatory  involving  knowledge 
of  practical  astronomy  among  the  early  inhabitants  of  Yucatan.  Of  the 
six  directions  indicated  by  the  inner  and  outer  jambs  of  the  openings,  four  of 
them  mark  astronomical  directions  of  local  importance.  A  more  detailed 
account  of  this  matter  is  given  in  Dr.  Morley's  report  on  Middle  American 
Archaeological  Research. 

EXPEEIMENTAL  WORK   IN  MAGNETISM   AND   ELECTRICITY.1 

The  lines  of  work  followed  by  Dr.  G.  Breit  since  his  appointment  as  mathe- 
matical physicist  July  1,  1924,  were:  (a)  Atomic  structure,  (6)  the  conducting 
layer,  (c)  possibilities  of  measuring  the  average  conductivity  of  the  Earth, 
(d)  aurora,  and  (e)  skin  effect. 

(a)  Atomic  structure. — The  closely  allied  questions  of  optical  dispersion 
and  of  resonance  radiation  were  investigated.  In  particular,  attention  was 
given  to  the  effects  of  magnetic  fields  on  the  polarization  of  resonance  radia- 
tion. 

The  results  of  Wood  and  Ellett  and  of  Ellett  were  discussed  mathematically 
in  the  paper  Polarization  of  Resonance  Radiation  in  Weak  Magnetic  Fields 
(see  p.  210)  with  the  conclusion  that  the  classical  isotropic  oscillator  accounts 
for  the  effects  of  a  steady  magnetic  field  qualitatively  but  not  quantitatively. 

This  suggested  two  distinct  points  of  view:  (I)  A  generalization  of  the 
classical  picture;  (II)  discarding  classical  theory  altogether  and  formulating 
a  quantum  viewpoint.  The  possibilities  of  (I)  have  been  followed.  It  was 
necessary  to  crystallize  the  concept  of  phenomena  within  the  absorption  band. 
An  attempt  at  that  was  made  in  a  Note  on  the  Theory  of  Optical  Dispersion 
(see  p.  210).  The  intrinsic  width  of  the  line  is  here  treated  by  means  of 
Fourier  integrals  in  absorption  phenomena.  The  classical  resonator  only  has 
been  considered  in  this  note.  The  question  discussed  being  related  to  recent 
work  on  dispersion  by  Kramers  and  Heisenberg  and  that  of  Born,  the  calcu- 
lations were  extended  to  more  general  dynamical  systems  and  the  problem  of 
dispersion  was  treated  from  the  more  general  point  of  view  of  coupled  sys- 
tems. The  non-synchronous  terms  of  Kramers  and  Heisenberg  appeared  in  a 
new  light  and  similarly  the  negative  dispersion  terms  of  Kramers,  as  discussed 
in  the  paper  Some  Remarks  on  Two-Coupled  Multiply  Periodic  Systems,  the 
Statistics  of  Quantum  Theory,  and  the  Theory  of  Dispersion  (see  p.  211). 
These  calculations  led  to  two  others:  (1)  The  radiation  pressure  on  an  atomic 
system,  and  (2)  the  polarization  of  resonance  radiation  as  a  function  of  the 
magnetic  field.  The  mathematical  form  of  (1)  proved  to  be  so  similar  to  the 
expression  for  the  energy  absorbed  that  similar  translations  of  the  two 

1  From  subreports  by  G.  Breit,  mathematical  physicist,  G.  R.  Wait,  associate  physicist,  A. 
Ellett,  research  fellow  of  the  National  Research  Council,  and  J.  W.  Green,  magnetician. 
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expressions  in  quantum  theory  became  probable.  This  translation  leads  in  a 
special  case  to  Einstein's  unidirectional  quanta,  but  more  generally  it  leads 
to  not  completely  unidirectional  quanta.  The  polarization  of  resonance 
radiation  as  a  function  of  the  magnetic  field  was  treated  on  a  more  general 
basis.  In  some  ways  the  agreement  with  experiment  became  more  com- 
plete. However,  in  others  the  disagreement  is  so  serious  that  a  complete 
disregard  for  classical  theory  becomes  almost  imperative. 

Time  effects  of  the  magnetic  field  have  been  investigated  experimentally 
in  collaboration  with  Dr.  Ellett  and  reported  upon  in  a  joint  paper  The  De- 
polarizing Influence  of  a  Rapidly  Changing  Magnetic  Field  in  the  Resonance 
Radiation  of  Mercury  (see  p.  211).  It  was  shown  that  if  the  magnetic  field 
alternates  sufficiently  rapidly,  its  depolarizing  influence  ceases.  This  serves 
as  a  measurement  of  the  life  of  the  atom  in  its  excited  state.  The  result 
here  obtained  was  not  very  exact  but  gives  the  order  of  magnitude  as  10~7 
second  for  the  2p2  state  of  mercury. 

A  mathematical  theory  of  the  phenomenon  for  the  classical  isotropic 
oscillator  was  prepared  and  is  in  press. 

The  possibilities  of  a  test  of  the  space  quantization  of  atoms  in  a  mag- 
netic field  was  followed  out  with  Dr.  Ruark  in  an  article  A  Proposed  Test  of 
the  Space  Quantization  of  Atoms  in  a  Magnetic  Field  (see  p.  220),  and  Dr.  C.  T. 
Zahn  of  Princeton  University  undertook  to  carry  through  the  test. 

An  elementary  treatment  On  the  Momentum  Imparted  to  Electrons  by  Radia- 
tion (see  p.  216)  was  prepared  with  Dr.  Hulburt. 

(b)  The  conducting  layer. — Radio  methods  of  obtaining  definite  tests  of 
the  height  of  the  Kennelly-Heaviside  conducting  layer  were  developed  and 
tests  begun.  A  suggestion  of  W.  F.  G.  Swann  and  J.  G.  Frayne  was  dis- 
cussed by  Messrs.  Tuve  and  Breit  and  two  modes  of  attack  were  evolved  in  a 
Note  on  a  Radio  Method  of  Estimating  the  Height  of  the  Conducting  Layer 
(see  p.  220).  One  is  based  on  modulation,  the  other  on  observing  effects  of 
reflections  oscillographically.  The  first  was  given  a  trial  and  soon  discarded. 
The  second  was  developed,  cooperation  with  the  Radio  Corporation  of  Amer- 
ica, the  Westinghouse  Electric  and  Manufacturing  Company,  and  the  Naval 
Research  Laboratory  was  established,  and  tests  were  made.  The  tests  with 
station  WSC  of  the  Radio  Corporation  at  Tuckerton,  New  Jersey,  on  600 
meters  gave  no  definite  indication  of  the  existence  of  the  layer.  Later  tests 
made  by  Messrs.  Tuve  and  Breit  in  collaboration  with  the  Naval  Research 
Laboratory  yielded  definite  indications  of  the  existence  of  the  layer,  giving 
its  effective  distance  as  between  50  and  100  miles,  depending  on  conditions. 
These  tests  were  performed  at  a  wave-length  of  71.3  meters.  The  layer  is 
not  always  effective  in  reflecting  waves.  New  phenomena  of  radio-fre- 
quency fading  were  observed  with  the  Westinghouse  station  at  Pittsburgh. 

Another  method  of  attack  on  the  layer  was  discussed  in  a  paper  The  De- 
pendence of  Radio  Fading  on  Modulation  (see  p.  210),  and  Dr.  Alexanderson 
of  the  Radio  Corporation  of  America  undertook  to  carry  it  out. 

(c)  The  average  conductivity  of  the  Earth. — A  hypothetical  experiment  for 
studying  the  inductance  of  a  coil  encircling  the  globe  was  considered.  The 
calculations  indicated  a  possibility  of  estimating  the  electrical  conductivity 
of  the  Earth  to  a  depth  of  100  miles.  However,  the  difficulties  connected  with 
such  an  experiment  were  considered  to  be  too  great  of  execution.  A  com- 
munication on  the  subject  was  presented  before  the  Philosophical  Society 
of  Washington  (see  p.  211). 
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expressions  in  quantum  theory  became  probable.  This  translation  leads  in  a 
special  case  to  Einstein's  unidirectional  quanta,  but  more  generally  it  leads 
to  not  completely  unidirectional  quanta.  The  polarization  of  resonance 
radiation  as  a  function  of  the  magnetic  field  was  treated  on  a  more  general 
basis.  In  some  ways  the  agreement  with  experiment  became  more  com- 
plete. However,  in  others  the  disagreement  is  so  serious  that  a  complete 
disregard  for  classical  theory  becomes  almost  imperative. 

Time  effects  of  the  magnetic  field  have  been  investigated  experimentally 
in  collaboration  with  Dr.  Ellett  and  reported  upon  in  a  joint  paper  The  De- 
polarizing Influence  of  a  Rapidly  Changing  Magnetic  Field  in  the  Resonance 
Radiation  of  Mercury  (see  p.  211).  It  was  shown  that  if  the  magnetic  field 
alternates  sufficiently  rapidly,  its  depolarizing  influence  ceases.  This  serves 
as  a  measurement  of  the  life  of  the  atom  in  its  excited  state.  The  result 
here  obtained  was  not  very  exact  but  gives  the  order  of  magnitude  as  10"7 
second  for  the  2p2  state  of  mercury. 

A  mathematical  theory  of  the  phenomenon  for  the  classical  isotropic 
oscillator  was  prepared  and  is  in  press. 

The  possibilities  of  a  test  of  the  space  quantization  of  atoms  in  a  mag- 
netic field  was  followed  out  with  Dr.  Ruark  in  an  article  A  Proposed  Test  of 
the  Space  Quantization  of  Atoms  in  a  Magnetic  Field  (see  p.  220),  and  Dr.  C.  T. 
Zahn  of  Princeton  University  undertook  to  carry  through  the  test. 

An  elementary  treatment  On  the  Momentum  Imparted  to  Electrons  by  Radia- 
tion (see  p.  216)  was  prepared  with  Dr.  Hulburt. 

(b)  The  conducting  layer. — Radio  methods  of  obtaining  definite  tests  of 
the  height  of  the  Kennelly-Heaviside  conducting  layer  were  developed  and 
tests  begun.  A  suggestion  of  W.  F.  G.  Swann  and  J.  G.  Frayne  was  dis- 
cussed by  Messrs.  Tuve  and  Breit  and  two  modes  of  attack  were  evolved  in  a 
Note  on  a  Radio  Method  of  Estimating  the  Height  of  the  Conducting  Layer 
(see  p.  220).  One  is  based  on  modulation,  the  other  on  observing  effects  of 
reflections  oscillographically.  The  first  was  given  a  trial  and  soon  discarded. 
The  second  was  developed,  cooperation  with  the  Radio  Corporation  of  Amer- 
ica, the  Westinghouse  Electric  and  Manufacturing  Company,  and  the  Naval 
Research  Laboratory  was  established,  and  tests  were  made.  The  tests  with 
station  WSC  of  the  Radio  Corporation  at  Tuckerton,  New  Jersey,  on  600 
meters  gave  no  definite  indication  of  the  existence  of  the  layer.  Later  tests 
made  by  Messrs.  Tuve  and  Breit  in  collaboration  with  the  Naval  Research 
Laboratory  yielded  definite  indications  of  the  existence  of  the  layer,  giving 
its  effective  distance  as  between  50  and  100  miles,  depending  on  conditions. 
These  tests  were  performed  at  a  wave-length  of  71.3  meters.  The  layer  is 
not  always  effective  in  reflecting  waves.  New  phenomena  of  radio-fre- 
quency fading  were  observed  with  the  Westinghouse  station  at  Pittsburgh. 

Another  method  of  attack  on  the  layer  was  discussed  in  a  paper  The  De- 
pendence of  Radio  Fading  on  Modulation  (see  p.  210),  and  Dr.  Alexanderson 
of  the  Radio  Corporation  of  America  undertook  to  carry  it  out. 

(c)  The  average  conductivity  of  the  Earth. — A  hypothetical  experiment  for 
studying  the  inductance  of  a  coil  encircling  the  globe  was  considered.  The 
calculations  indicated  a  possibility  of  estimating  the  electrical  conductivity 
of  the  Earth  to  a  depth  of  100  miles.  However,  the  difficulties  connected  with 
such  an  experiment  were  considered  to  be  too  great  of  execution.  A  com- 
munication on  the  subject  was  presented  before  the  Philosophical  Society 
of  Washington  (see  p.  211). 
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(d)  Aurora. — Photographs  of  the  green  aurora  line  were  obtained  in  Wash- 
ington. Some  suggestions  as  regards  experimental  investigations  for  the 
study  of  various  types  of  display  were  prepared  (see  p.  210). 

(e)  Skin  effect. — As  a  remnant  of  previous  work  some  calculations  on  skin 
effect  were  completed  and  reported  in  a  paper  On  a  Method  of  Calculating 
the  Resistance  of  Coils  at  very  High  Frequencies  (see  p.  210). 

Polarization  of  resonance  radiation. — Dr.  A.  Ellett,  fellow  of  the  National 
Research  Council,  made  use  of  the  facilities  of  the  Laboratory,  using  the 
special  nonmagnetic  Experiment  Building  to  conduct  the  following  experi- 
mental investigations  on  resonance  radiation: 

(1)  The  effect  of  alternating  magnetic  fields  on  the  polarization  of  the 
resonance  radiation  of  mercury,  jointly  with  Dr.  Breit.  The  results  are 
already  reviewed  on  page  175. 

(2)  The  direction  of  maximum  polarization  of  the  resonance  radiation  of 
mercury  in  steady  fields  of  varying  strengths  was  measured.  These  measure- 
ments give  very  important  information  as  to  the  mechanism  of  resonance  radi- 
ation and  seem  at  present  to  contradict  classical  theory  when  a  quantitative 
comparison  is  made.  They  show  that  in  mercury  the  resonance-radiation 
mechanism  (as  was  previously  found  by  Ellett  in  sodium)  executes  a  rotation 
when  subjected  to  the  action  of  the  magnetic  field.  This  rotation  is  in  all 
probability  the  Larmor's  precession  of  atomic  theory,  though  numerically  it 
may  differ  from  the  latter.  The  results  of  this  investigation  were  reported 
in  the  paper  Polarization  of  Resonance  Radiation  (see  p.  211). 

Permeability  of  iron  for  alternating  magnetic  fields. — Dr.  G.  R.  Wait  began 
an  experimental  determination  of  the  permeability  of  iron  for  alternating 
magnetic  fields  of  radio  frequencies.  The  purpose  of  the  work  is  to  investi- 
gate certain  magnetic  resonance  effects  in  iron  which  have  been  discovered 
by  Wwedensky  and  Theodortschik  under  the  guidance  of  Arkadiev.  They 
found  that  the  magnetic  permeability  of  iron  increases  abruptly  if  the  applied 
field  has  a  proper  frequency  (about  3 X 106  per  second).  It  is  hard  to  explain 
this  increase  as  a  resonance  of  atoms  of  the  iron,  and  so  iron  in  different 
states  of  subdivision  is  being  investigated.  Two  sets  of  apparatus  have  been 
constructed.  One  of  these  is  based  on  the  method  of  beats  and  is  suitable 
for  measurements  of  small  quantities  of  materials.  The  other  is  an  ordinary 
resonance  method.  Some  observations  were  taken  with  both.  Unexpected 
experimental  errors  were  encountered,  and  no  definite  conclusions  can  yet 
be  drawn. 

Effect  of  pressure  on  the  critical  temperature  of  magnetization. — This  investi- 
gation is  being  done  in  cooperation  with  the  Geophysical  Laboratory  of 
the  Institution  by  Dr.  L.  H.  Adams  of  the  Laboratory  and  Mr.  J.  W.  Green  of 
the  Department.  The  work  under  Dr.  Adams's  direction  was  begun  early 
in  November.  Methods  and  apparatus  were  studied  and  experiments  begun 
after  a  number  of  instrumental  troubles  consequent  to  the  character  of  the 
tests  were  overcome.  At  the  end  of  the  report  year,  experiments  had  been 
confined  to  nickel  under  pressures  of  50,  1,000,  and  2,000  atmospheres  with 
a  few  series  at  2,400  atmospheres,  the  results  indicating  the  effect  of  increased 
pressure  on  the  temperature  of  magnetization  to  be  small  for  nickel.  The 
experiments  were  interrupted  early  in  July  by  the  failure  of  the  bomb  which 
could  not  be  replaced  for  several  months  when  work  on  nickel  was  resumed. 
Work  is  being  done  on  iron,  and  test-specimens  of  some  natural  ores  are  being 
made. 
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EXPERIMENTAL  WORK  IN  TERRESTRIAL  ELECTRICITY. » 

Atmospheric-electric  apparatus  and  development  of  observatory  procedure. — 
Further  progress  was  made  on  the  design  of  standardized  potential-gradient 
electrograph  for  use  at  observatories.  It  is  hoped  instruments  of  this  design, 
having  an  open  time-scale  of  20  mm.  of  record  to  the  hour,  may  be  completed 
in  the  coming  year  to  replace  the  recording  bifilar  electrometers  now  used  at 
the  Watheroo  and  Huancayo  observatories.  The  latter,  while  functioning 
well  during  the  past  year,  have  rather  too  close  a  time-scale  to  meet  the 
modern  requirements  of  reliable  reduction-factor  data.  As  a  result  of  experi- 
ence at  the  observatories,  some  improvements  were  made  in  the  design  of  the 
C.  I.  W.  standard  conductivity  register,  and  this  type  of  apparatus  is  func- 
tioning well  (see  Mr.  Johnston's  report  on  the  year's  work  at  Watheroo,  p. 
190).  Methods  were  developed  and  instructions  prepared  for  standardiza- 
tion at  intervals  of  the  ionium  collectors  used  for  the  C.  I.  W.  potential- 
gradient  electrographs. 

Plans  were  made  for  the  special  electric  observatory  and  equipment  and 
instructions  were  prepared  for  the  special  program  of  electric  work  done  at 
Greenport,  Long  Island,  on  the  occasion  of  the  total  solar  eclipse  of  January 
1925  (see  p.  195).  Dr.  Mauchly  took  part  in  the  program  of  electric  work 
and  determined  the  constants  and  calibrations  of  the  instruments.  He  also 
discussed  and  reduced  the  data  jointly  with  Messrs.  Ault  and  Goddard 
(see  p.  202). 

Acting  in  cooperation  with  the  United  States  Coast  and  Geodetic  Survey 
and  the  Department  of  Physics  of  the  Cornell  University,  instructions  were 
prepared  for  special  observations  of  the  atmospheric  potential-gradient  and 
the  instrumental  equipment  assembled  for  observations  at  Ithaca,  New  York, 
in  connection  with  the  total  solar  eclipse  of  January.  Mr.  R.  R.  Bodle  of 
the  Survey  was  instructed  in  the  use  of  the  equipment.  Reverend  Charles  E. 
Deppermann  was  instructed  in  the  use  of  apparatus  similar  to  that  ordered 
through  the  Department  for  the  Weather  Bureau  of  the  Philippines  for  deter- 
mining absolute  value  of  the  atmospheric  potential-gradient.  He  was  also 
made  acquainted  with  the  other  atmospheric-electric  instruments  and  elec- 
trographs and  was  instructed  in  the  technique  of  mounting  quartz  fibers  in 
electrometers.  The  Philippine  Weather  Bureau  expects  to  make  observa- 
tions of  the  potential  gradient  at  Manila  and  at  Baguio  as  soon  as  the  appa- 
ratus ordered  through  the  Department  is  received,  the  first  station  being  at 
sea-level  and  the  second  at  an  elevation  of  1,512  meters.  Mr.  A.  Walter, 
director  of  the  Royal  Alfred  Observatory  at  Mauritius,  was  supplied,  at  his 
request,  with  a  memorandum  regarding  the  type  of  instrument  most  suitable 
for  the  conditions  at  Mauritius  to  record  atmospheric  potential-gradient. 

Reduction  of  atmospheric-electric  observations. — The  final  determinations 
and  compilations  of  the  instrumental  constants  for  the  Carnegie's  atmos- 
pheric-electric equipment  were  completed  and  coordinated  for  the  observa- 
tional work  done  aboard  the  vessel  during  the  7  years  1915  to  1921.  In 
view  of  the  improvements  and  modifications  developing  from  the  experi- 
mental stage  of  the  earlier  work,  the  coordination  of  the  constants  for  the 
determination  of  absolute  values  was  a  problem  requiring  much  time  and 
study,  as  well  as  many  experimental  tests.  It  was  thus  possible  to  complete 
the  final  reductions  of  the  ocean  atmospheric-electric  observations  and  for 

1  From  the  report  of  the  chief  of  section,  S.  J.  Mauchly. 
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Messrs.  Ault  and  Mauchly  to  compile  the  manuscript  giving  the  final  results 
to  be  published  in  Volume  V  of  the  Researches  of  the  Department  (see  p.  202). 
Close  scrutiny  was  maintained  over  the  observatory  electric  records  and 
compilations  so  zealously  continued  by  the  observatory  staffs,  including 
cooperative  work  done  at  the  Apia  Observatory,  and  tests  and  studies  to 
solve  problems  presented  from  time  to  time  with  regard  to  observational 
and  instrumental  difficulties  were  made.  Preliminary  compilations  of  the 
data  obtained  were  prepared  for  use  in  the  current  atmospheric-electric 
investigations  (see  p.  196).  Potential-gradient  results  obtained  at  the 
Laboratory  in  Washington  were  kept  current  by  Miss  M.  C.  Parker  until  her 
resignation  August  31  to  become  secretary  to  the  President  of  Hangchow 
University,  China,  and  by  Miss  F.  L.  Christison,  who  was  appointed  labor- 
atory assistant  July  1.  Good  progress  was  made  also  in  the  reduction  of 
the  negative  conductivity  records  obtained  in  the  observatory  at  Washington. 
The  general  control  of  the  electric  classification  of  days  was  continued. 

Investigations  of  ocean  atmospheric-electric  data. — Upon  the  completion 
of  the  final  reductions  of  the  atmospheric-electric  observations  obtained  on 
the  Carnegie,  it  was  possible  to  undertake  more  comprehensive  studies  of 
the  data  (see  abstracts  of  special  reports  by  Messrs.  Bauer  and  Mauchly  on 
pp.  205,  216,  and  217  to  219).  Among  the  interesting  results  brought  out 
by  Dr.  Mauchly 's  investigations  are  the  following:  (1)  Close  confirmation 
by  the  ocean  results  of  the  marked  annual  change  (change  from  year  to 
year)  of  potential  gradient  as  observed  at  land  stations  in  western  Europe; 
(2)  indication  of  a  systematic  increase  of  the  potential  gradient  with  lati- 
tude from  the  equator  to  60°  north  and  60°  south;  (3)  values  of  the  ionic 
content  of  both  signs  are  of  the  same  order  as  over  land,  but  the  values  of 
Cruise  VI  during  1919  to  1921  are  about  15  per  cent  higher  than  those  ob- 
tained on  Cruise  IV  during  1915  to  1917;  (4)  the  value  of  the  air-earth  cur- 
rent-density appears  somewhat  larger  than  anticipated  from  land  data  and 
shows  little  variation  with  latitude,  but  a  decrease  of  about  16  per  cent 
from  1915  to  1921 ;  and  (5)  confirmation  of  the  earlier  results  regarding  diurnal 
variation  as  reported  in  the  annual  reports  for  1921  and  1923.  Reference 
may  be  made  to  pages  217  to  219  for  further  details  regarding  the  results  of 
these  investigations. 

Correlations  of  atmospheric-electric  and  meteorological  phenomena,  and  study 
of  daily  and  seasonal  changes  in  atmospheric  potential-gradient. — Dr.  G.  R. 
Wait  had  made  some  additional  studies  of  the  correlations  between  the  atmos- 
pheric-electric elements  (potential  gradient  and  positive  and  negative  con- 
ductivity) and  certain  meteorological  elements  as  recorded  at  the  Watheroo 
Observatory.  The  preliminary  results  confirm  a  high  degree  of  correlation, 
particularly  between  the  variations  of  the  electric  elements  and  humidity  and 
temperature.  The  investigation  on  the  daily  and  seasonal  changes  of  at- 
mospheric potential-gradient  (see  pp.  146-147  of  last  year's  report)  was  held 
in  abeyance  pending  the  completion  of  the  final  compilations  of  atmospheric- 
electric  observations  on  the  Carnegie  during  1915  to  1921. 

Earth-current  work.1 — In  order  to  test  the  equipment  constructed  for  use 
in  earth-resistivity  surveys  at  observatories  of  the  Department,  numerous 
measurements  were  made  of  the  resistivity  of  large  masses  of  undisturbed 
earth  at  3  different  sites  near  Washington.     Mr.  W.  J.  Rooney,  associate 

1  From  subreport  by  O.  H.  Gish,  associate  physicist. 
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physicist  since  September  1,  1924,  was  associated  with  Mr.  Gish  on  this  work. 
Laboratory  tests  and  calibrations  were  made,  as  also  some  mechanical  modi- 
fications of  the  specially  devised  earth-resistivity  meter  and  appurtenances 
indicated  desirable  by  field  work.  Preliminary  arrangements  were  made  for 
Mr.  Rooney  to  proceed  to  Watheroo  in  the  summer  of  1925  to  carry  out  the 
necessary  resistivity  measurements  there. 

The  reductions  of  records  of  earth-current  potentials  obtained  at  the 
Watheroo  Observatory  were  continued  during  the  year.  All  records  through 
March  1925  from  the  2-mile  lines  were  evaluated  by  Mr.  Rooney,  as  well  as  all 
records  for  the  1-mile  lines  for  10  magnetically  and  electrically  quiet  days  in 
each  of  the  months  January,  April,  August,  November,  and  December  1924. 
These  data  were  studied  especially  from  the  point  of  view  of  ascertaining 
their  reliability  and  of  locating  the  source  of  certain  anomalies  (see  pp. 
213  and  214). 

Equipment  to  measure  earth-current  potentials  at  the  Huancayo  Observa- 
tory was  designed,  and  preliminary  arrangements  were  made  which  it  is  hoped 
will  permit  completing  this  installation  by  the  end  of  the  calendar  year  1925. 
The  multiple-point  recorder  and  other  apparatus  for  this  installation  were 
improved  and  tested  at  Washington. 

Miscellaneous. — Mr.  Gish  improved  the  devices  and  technique  for  the 
sputtering  of  quartz  fibers.  He  spun  a  large  number  of  fibers  for  galva- 
nometer suspensions  and  prepared  a  large  stock  of  quartz-fiber  electrometer 
elements  for  use  by  the  Department's  observatories  and  field  parties.  In- 
struction was  given  investigators  from  the  Bureau  of  Standards  and  Naval 
Research  Laboratory  in  the  technique  of  producing  and  sputtering  quartz 
fibers  and  in  assembling  galvanometer  and  electrometer  fiber-elements. 

Dr.  Mauchly  exhibited  some  of  the  latest  electric  equipment  of  the  Depart- 
ment at  the  Toronto  meeting  of  the  British  Association  for  the  Advancement 
of  Science.  He  also  was  a  delegate  of  the  Philosophical  Society  of  Washing- 
ton to  the  Toronto  meeting  in  August  of  the  International  Mathematical 
Congress.  Mr.  Gish  prepared  a  display  showing  the  methods  and  equip- 
ment devised  for  earth-current  potentials  and  for  making  earth-resistivity 
surveys  for  the  annual  exhibit  of  the  Institution  held  in  December  1924. 

Publications. — Besides  the  special  atmospheric-electric  reports  for  Volume 
V  by  Dr.  Mauchly,  he  also  prepared  the  following  papers :  Radium-emanation 
Content  of  Sea  Air  from  Observations  on  the  Carnegie,  1915-1921;  Electrical 
Condition  of  the  Lower  Atmosphere;  The  Electricity  of  the  Air;  On  Atmospheric 
Electricity  and  the  Instruments  for  its  Measurement.  (Abstracts  of  these 
papers  are  given  on  pp.  216  to  217.) 

Mr.  Gish  presented  a  paper  on  Preliminary  Results  of  Earth-current 
Observations  at  the  Watheroo  Magnetic  Observatory,  Western  Australia,  to  the 
Philosophical  Society  of  Washington  on  October  18  and  another  on  Some 
Characteristics  of  Earth-current  Storms  to  the  American  Physical  Society  on 
December  30.  At  the  latter  meeting  Messrs.  Rooney  and  Gish  gave  a  joint 
communication  entitled  Measurements  of  the  Resistivity  of  Large  Volumes  of 
Undisturbed  Earth.  Special  reports  were  prepared  by  Messrs.  Mauchly  and 
Gish,  respectively,  for  the  meetings  of  the  International  Geodetic  and  Geo- 
physical Union  at  Madrid,  Spain,  on  Notes  Regarding  the  Control  of  Atmos- 
pheric-Electric Potential-Gradient  Observations  at  Observatories  and  Earth- 
current  Storm  Observations  on  Telegraph  Lines  (see  abstracts  on  pp.  213,  220, 
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and  216).  Lectures  were  delivered  to  the  advanced  classes  in  physics  of  the 
George  Washington  University  on  November  1  and  December  18,  the  first 
by  Dr.  Mauchly  on  atmospheric  electricity  and  the  second  by  Mr.  Gish 
on  earth-currents.  Dr.  Mauchly  also  addressed  the  staff  of  the  Weather 
Bureau  at  Washington  on  October  22  on  atmospheric  electricity. 

OBSERVATIONAL  AND  ADMINISTRATIVE  WORK. 

Magnetic  Survey. — A  considerable  amount  of  magnetic-survey  work  was 
done,  having  particularly  in  mind  the  accumulation  of  secular-variation  data 
necessary  for  the  adequate  control  of  theoretical  investigations.  The  dis- 
cussion of  the  available  magnetic  and  electric  material  both  on  sea  and  land 
have  emphasized  the  importance  of  obtaining  such  data  not  only  at  shorter 
intervals  of  time,  but  also  at  shorter  distances  between  stations  in  order  to 
obtain  the  control  necessary  on  the  secular  changes  of  the  magnetic  elements 
and  of  possible  changes  in  the  atmospheric-electric  elements. 

Careful  consideration  was  given,  therefore,  to  planning  field  operations 
both  on  land  and  sea,  including  some  preliminary  steps  with  reference  to 
cooperation  of  other  agencies  interested  in  allied  geophysical  fields  in  any 
future  ocean  work.  The  desirability  of  resuming  the  cruises  of  the  Carnegie 
was  indicated  by  the  investigations  made  of  the  final  magnetic  and  electric 
data  obtained  during  1915  to  1921  and  prepared  for  publication  during  the 
year  (see  p.  201).  Organizations  concerned  with  forwarding  geophysical 
science  have  passed  resolutions  also  calling  attention  to  this  desirability; 
among  these  were  those  of  the  Madrid  meeting  of  the  International  Geodetic 
and  Geophysical  Union  and  by  the  special  Conference  on  Oceanography  in 
Washington  called  by  the  Secretary  of  the  United  States  Navy  (see  pp. 
184  and  206).  The  importance  of  auxiliary  observations  made  on  the 
Carnegie  was  illustrated  by  the  compilation  of  a  preliminary  summary  of 
wind  directions  during  1915-1921  prepared  upon  the  request  of  Professor 
A.  von  Schmidt  of  Stuttgart  for  use  in  his  meteorological  studies;  this  sum- 
mary indicates  that  north  of  parallel  40°  north,  and  south  of  parallel  40° 
south,  and  particularly  for  the  Southern  Hemisphere,  the  wind  direction  is 
on  the  average  from  the  west,  a  fact  of  significance  in  Professor  Schmidt's 
investigations. 

It  has  been  the  privilege  of  the  Department  during  the  year  to  cooperate 
extensively  with  various  governmental  officers  and  organizations  in  furthering 
both  magnetic  and  electric  surveys.  Among  these  were  the  Government 
Astronomer  of  South  Australia,  Government  Astronomer  of  New  South 
Wales,  United  States  Coast  and  Geodetic  Survey,  United  States  Navy, 
Weather  Bureau  of  the  Philippines,  United  States  Hydrographic  Office, 
Meteorological  Office  of  Argentina,  Meteorological  Service  of  Canada,  and 
the  Scandinavian  Magnetic  and  Meteorological  Services.  Detailed  memo- 
randa regarding  magnetic  and  electric  observations  and  methods  for  the 
Arctic  were  prepared  for  various  proposed  expeditions.  Among  these  may 
be  mentioned  specifically  the  MacMillan  Arctic  Expedition  of  1925  under 
the  auspices  of  the  National  Geographic  Society  with  cooperation  from  the 
United  States  Navy  and  the  United  States  Coast  and  Geodetic  Survey,  for 
which  reports  and  instructions  on  magnetic-survey  and  allied  work,  with 
compilations  of  data  for  secular-variation  stations,  and  on  aerial  navigation 
in  the  Arctic  were  prepared  by  Messrs.  Fleming  and  Ault.     The  inquiries 
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regarding  magnetic  and  electric  instruments  of  the  Department's  design  were 
numerous,  and  the  Department  was  requested  to  standardize  the  instru- 
ments for  which  orders  were  placed  with  American  manufacturers;  thus,  it 
will  be  possible  to  coordinate  the  magnetic  and  electric  data  of  such 
organizations  with  those  of  the  Department. 

Observatory  work. — The  increasing  importance  of  application  of  radio-trans- 
mission phenomena  to  the  problems  of  atmospheric  electricity  has  been  em- 
phasized by  investigations  in  radio  showing  the  existence  of  definite  correla- 
tions. Arrangements  were,  therefore,  made  to  initiate  at  the  Huancayo 
Magnetic  Observatory,  signal-intensity  observations  for  research  on  such  cor- 
relations. In  addition  to  the  observatory  work  covered  in  more  detail  on 
pages  190  to  196,  the  year  has  been  notable  for  cooperative  efforts  in  planning 
future  observatory  work.  Thus,  in  addition  to  the  cooperation  at  Apia 
in  atmospheric-electric  work  (see  p.  193),  tentative  plans  were  laid  for  future 
cooperation  in  such  work  at  one  of  the  Coast  and  Geodetic  Survey  observa- 
tories; complete  files  of  our  designs  for  observatories  and  instructions  for 
observational  work  were  supplied,  upon  request,  to  the  Danish  Meteorological 
Service  for  use  in  connection  with  the  establishment  during  the  summer  of 
1925  of  a  magnetic  and  electric  observatory  at  Godhavn,  Greenland;  the 
Government  of  Siam,  in  anticipation  of  establishing  a  magnetic  observatory, 
has  also  been  supplied,  upon  request,  with  similar  data  to  those  supplied  for 
Denmark. 

The  compilations  of  comparisons  of  observatory  standards  with  the  pro- 
visional international  standards  of  the  Department  were  continued  by  Mr. 
Fleming  and  satisfactory  maintenance  of  the  latter  standards  was  shown 
(see  p.  208).  Designs  are  under  way  of  a  portable  electric  magnetometer- 
inductor  for  future  comparisons  with  magnetic  standards  at  base  observa- 
tories and  with  standard  electric  instruments,  which  may  be  too  bulky  for 
transportation  from  country  to  country.  Thus  far  the  Department's  com- 
parisons between  standards  in  various  countries  have  been  made  with  magnet- 
ometers standardized  at  Washington. 

In  the  investigation  of  magnetic  storms  and  of  electric  data,  the  Depart- 
ment received  most  effective  cooperation  from  observatories  all  over  the  world, 
desired  magnetic  and  electric  data  and  copies  of  magnetograms  being  gen- 
erously supplied.  In  turn,  it  was  the  privilege  of  the  Department  to  co- 
operate in  investigations  being  prosecuted  by  geophysicists  elsewhere,  among 
whom  there  is  ever-increasing  activity  in  the  study  of  the  perplexing  prob- 
lems in  terrestrial  magnetism  and  electricity.  Observational  and  instrumental 
problems  concerned  with  research  data  on  sudden  commencements  of  mag- 
netic storms  were  considered  and  detailed  memoranda  and  suggestions  were 
prepared  for  transmission  to  Professor  A.  Tanakadate,  designated  by  the 
International  Section  of  Terrestrial  Magnetism  and  Electricity  to  act  as 
reporter  on  the  subject  of  systematic  investigations  of  sudden  commence- 
ments of  magnetic  storms.  In  addition  to  supplying  observatory  data  for 
scientific  research,  such  data  were  supplied,  upon  request,  for  practical  appli- 
cation; for  example,  the  Department  of  Mines  of  the  Ministry  of  Public 
Works  of  Peru,  for  which  compilations  of  magnetic  data  as  determined  at  the 
Huancayo  Magnetic  Observatory  were  prepared;  the  Western  Union  Tele- 
graph Company  asked  for  data  regarding  correlations  between  aurora  and 
magnetic  observations,  and  earth-currents  in  connection  with  questions  of 
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interruption  of  telegraphic  traffic.  The  importance  of  the  observatory  work 
in  astronomical  investigations  is  further  emphasized  by  the  action  of  the 
International  Astronomical  Union  at  its  Cambridge  (England)  meeting  in 
July  1925,  viz,  "With  regard  to  solar  physics,  it  was  agreed  to  arrange  that 
additional  observations  of  the  Sun,  as  nearly  continuous  as  possible,  should 
be  made  at  or  about  the  time  when  magnetic  storms  are  in  progress  or  ex- 
pected. There  should  be  organized  some  service  to  supply  the  necessary 
information  to  the  cooperating  observatories." 

OCEAN  WORK.1 

Future  ocean  work. — Considerable  time  was  spent  in  studying  the  de- 
siderata for  future  ocean  work,  in  making  tentative  plans  for  cruises  to  com- 
plete to  the  best  possible  advantage  such  contemplated  work,  and  in  outlining 
tentative  program  of  scientific  work  that  might  profitably  be  undertaken 
in  addition  to  that  in  terrestrial  magnetism  and  electricity. 

The  investigation  of  the  secular  variation  of  the  magnetic  elements  at 
sea  and  the  results  of  Mr.  Fisk's  study  of  the  accumulated  data  (see  pp. 
212  to  213)  in  South  America,  in  Africa,  and  near  Bermuda  have  shown  de- 
cisively the  very  great  need  of  additional  data  concerning  these  variations 
over  the  oceans.  Therefore,  the  immediate  future  cruises  should  be  arranged 
to  follow  closely  the  tracks  of  former  cruises  in  order  that  there  may  be  ob- 
tained the  maximum  of  secular-variation  data.  On  this  basis  routes  for  two 
cruises,  each  averaging  90,000  miles  of  travel  and  33  months  of  time,  were 
outlined. 

In  view  of  past  experience  and  of  the  greater  need  for  secular- variation 
data  than  for  an  increased  knowledge  of  the  distribution  of  the  magnetic 
elements  over  the  oceans,  the  program  of  magnetic  work  heretofore  maintained 
on  the  Carnegie  may  be  modified  considerably,  thus  giving  opportunity  for  an 
enlarged  program  of  atmospheric-electric  work  and  a  program  in  other 
fields  of  research,  all  of  which  have  most  important  bearings  in  geophysics, 
including  depth  and  gravity  determinations,  investigations  of  the  variations  of 
radio  transmission  and  reception  over  the  oceans,  earth-currents  at  sea,  more 
detailed  and  comprehensive  study  of  oceanic  temperatures,  salinities,  waves, 
and  currents,  upper-air  and  marine  meteorology,  and  geography  and  natural 
history.  Active  cooperation  may  be  expected  from  those  interested  in  the 
fields  of  scientific  oceanographic  investigations  included  in  the  auxiliary 
program;  the  ultimate  scientific  profit  and  practical  application  of  such  co- 
operation are  certain  to  be  great. 

Vessel  maintenance. — The  Carnegie  continued  out  of  commission  in  Wash- 
ington, D.  C,  at  the  wharf  of  the  Washington-Colonial  Beach  Steamboat 
Company;  the  necessary  repairs  were  made  to  keep  her  in  first-class  condition. 

Final  reduction  of  ocean  atmospheric-electric  observations. — The  final  manu- 
script giving  the  atmospheric-electric  results  obtained  on  the  Carnegie  during 
her  cruises  in  1915  to  1921,  which  was  begun  last  year,  was  completed  by 
Messrs.  Ault  and  Mauchly  and  submitted  for  publication  to  the  Institution 
in  June  1925  (see  pp.  201  and  202). 

Special  work  and  publications. — As  opportunity  offered,  the  study  of  the 
problem  of  determining  changes  in  the  magnetic  elements  with  change  in 
altitude  was  continued.     A  paper  on  Methods  and  Means  for  the  Magnetic 

1  From  the  report  of  the  chief  of  section,  J.  P.  Ault. 
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Exploration  of  the  Upper  Air  was  prepared  (see  p.  200).  A  special  report  on 
Navigation  of  Aircraft  by  Astronomical  Methods  was  prepared  for  publication 
in  Volume  V  now  in  press  (see  p.  201). 

Captain  Ault  was  designated  by  President  Merriam  to  serve  as  a  member 
of  the  Executive  Interim  Committee  of  the  Conference  on  Oceanography, 
a  committee  created  by  the  Secretary  of  the  Navy  to  consider  matters  per- 
taining to  a  proposed  Maury  United  States  Naval  Oceanographic  Research 
Expedition  (see  p.  155  of  last  year's  report).  Various  meetings  of  this  com- 
mittee were  attended.  The  following  resolution  pertaining  to  the  Institu- 
tion's oceanographic  work  was  passed  unanimously  by  the  Conference  on 
Oceanography : 

Whereas,  it  has  come  to  the  attention  of  this  Conference  that  the  observa- 
tions in  terrestrial  magnetism  and  electricity  so  dependably  executed  by 
the  Carnegie  Institution  of  Washington  during  1905  to  1908  in  the  Galilee 
and  during  1909  to  1921  with  increased  efficiency  in  the  specially  designed 
nonmagnetic  yacht  Carnegie  may  possibly  not  be  resumed  at  an  early  date 
because  of  the  limited  funds  available  for  the  various  activities; 

Whereas,  the  Conference  recognizes  that  the  resulting  data  in  terrestrial 
magnetism  and  electricity  serve  not  only  important  practical  purposes  of 
the  highest  value  to  commerce  and  navigation  but  are  as  well  of  that  preci- 
sion (not  heretofore  attained  in  any  such  work  at  sea)  so  necessary  for  fruitful 
scientific  investigation  in  these  fields;  therefore,  be  it 

Resolved,  that  this  Conference,  in  recording  its  unanimous  sense  of  the 
great  practical  and  theoretical  importance  of  the  work  done  by  the  Carnegie 
Institution  of  Washington,  emphasizes  the  urgent  need  for  early  continuation 
of  the  magnetic  and  electric  exploration  of  the  oceans  by  the  Carnegie  to  ad- 
vance pure  research  and  practical  application  in  geophysics  and  to  enhance 
the  permanent  value  of  the  result  already  obtained ;  and  be  it  further 

Resolved,  that  copies  of  these  resolutions  be  forwarded  to  The  Honorable 
the  Secretary  of  the  Navy,  with  recommendation  that  one  copy  be  trans- 
mitted to  the  President  of  the  Carnegie  Institution  of  Washington. 

The  following  lectures  were  given  by  Captain  Ault:  "Surveying  the  oceans 
on  the  Carnegie,"  presented  before  the  George  Washington  University, 
August  4,  Pi  Beta  Phi  Sorority,  November  11,  and  Physics  Club  of  Phila- 
delphia, November  20;  "The  magnetic  and  electric  survey  of  the  oceans  on 
the  non-magnetic  yacht  Carnegie,"  presented  before  the  Springfield  (Mass.) 
Branch  of  the  American  Institute  of  Electrical  Engineers,  February  9; 
"Land,  air,  and  sea  navigation,"  presented  before  the  Corinthian  Yacht 
Club,  February  21;  "Methods  and  means  for  the  magnetic  exploration  of 
the  upper  air  "  and  "  Phases  of  work  of  the  Carnegie  Institution  of  Washington 
which  concern  the  Section  of  Oceanography,"  presented  before  the  sections 
of  Terrestrial  Magnetism  and  Electricity  and  of  Oceanography  of  the  Ameri- 
can Geophysical  Union,  April  30. 


Secular-variation  and  diurnal-variation  investigations. — A  large  part  of 
the  time  of  the  Section  of  Land  Magnetic  Survey  was  devoted  to  the  study  of 
secular  variation.  Plans  for  securing  suitably  distributed  secular- variation 
data  for  expeditions  to  South  America  and  Africa  were  made.     Results  of 

1  From  report  of  the  chief  of  section,  H.  W.  Fisk. 
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previous  expeditions  on  these  continents  were  collected  and  tabulated,  and 
the  discussion  of  the  secular- variation  data  thus  collected,  so  far  as  their 
completeness  warrants,  was  begun.  A  paper  was  prepared  by  Mr.  Fisk  and 
presented  by  Mr.  W.  C.  Parkinson  at  the  Third  Pan-American  Scientific 
Congress  (see  pp.  212  to  213)  summarizing  the  work  done  by  the  Department 
in  Latin  America  and  on  the  adjacent  ocean  areas;  some  preliminary  con- 
clusions were  drawn  regarding  the  annual  changes  in  the  3  elements  over 
this  part  of  the  Earth's  surface.  The  material  for  a  similar  treatment  of 
Africa  and  the  adjoining  waters  was  found  to  be  inadequate,  though  approx- 
imate lines  of  equal  annual  change  were  drawn  on  charts  prepared  for  the 
guidance  of  observers  assigned  to  work  in  that  region. 

Attention  was  given  to  the  development  of  the  plan  of  securing  diurnal- 
variation  observations  over  the  daylight  hours  at  selected  stations  along 
the  itineraries  of  field  parties.  Each  field  observer  has  carried  out  the  pro- 
grams as  outlined,  and  the  results  show  increasing  success  in  making  the 
observations  and  controlling  the  conditions  and  are  revealing,  as  they  accu- 
mulate, a  number  of  interesting  and  significant  conditions.  As  an  example, 
the  characteristic  of  the  inclination  curve  consisting  of  a  very  large  maximum 
near  midday,  at  all  stations  along  the  west  coast  of  South  America  as  far  south 
as  Puerto  Montt,  Chile,  entirely  disappears  and  is  apparently  reversed  at 
Punta  Arenas  in  the  Straits  of  Magellan,  and,  so  far  as  observations  received 
at  this  time  from  stations  on  the  Atlantic  coast  indicate,  it  is  also  absent  at 
stations  east  of  the  Andes  range.  Something  of  the  same  condition  obtains 
for  the  curves  of  horizontal  intensity.  Special  attention  was  given  to  the 
selection  and  distribution  in  Africa  of  Class  I  stations  at  which  these  diurnal- 
variation  observations  are  to  be  made,  in  order  that  the  results  in  both 
continents  at  stations  of  corresponding  magnetic  latitude  may  be  compared. 

Investigation  of  magnetic  anomalies. — One  of  the  questions  which  engaged 
the  attention  of  the  Section  of  Land  Magnetic  Survey  is  that  concerning  the 
secular  variations  of  the  Earth's  magnetic  field  over  regions  of  natural  dis- 
turbance as  compared  with  regions  of  normal  distribution  and  as  to  how  the 
secular  changes  may  be  affected  by  the  existence  of  the  anomaly.  For  the 
magnetically  disturbed  region  of  Bermuda  it  has  been  shown  by  the  obser- 
vations of  the  Carnegie  and  of  Mr.  Fisk  in  1907,  1910,  and  1922,  that  the 
average  annual  rates  of  change  in  declination  at  two  points  but  a  few  miles 
apart  differ  by  as  much  as  2'.  Plans  are  under  consideration  to  continue 
the  investigation  of  the  Bermuda  anomaly  by  so  extending  the  observations 
as  to  make  it  possible  to  follow  the  annual  changes  in  all  magnetic  elements 
at  selected  stations  within  the  regions  of  greatest  disturbance  by  repetition  of 
the  work  at  suitable  intervals.  Other  questions,  such  as  the  possible  influence 
of  the  anomaly  on  the  diurnal  variation,  the  change  of  the  magnetic  field  with 
altitude,  and  the  depth  of  the  source  of  the  disturbance,  are  being  investigated 
also. 

Field  operations. — The  field  work  accomplished  during  the  year  ending 
June  30,  1925,  included  144  stations  in  South  America,  North  America, 
Australasia,  Islands  of  the  Atlantic  Ocean,  Greenland,  and  northeastern 
Siberia.  Nearly  all  of  the  observations  were  made  at  stations  previously  es- 
tablished by  the  Department. 

The  routes  followed  and  work  done  are  briefly  summarized  in  the  following 
abstracts  from  reports  of  the  observers: 


186  CARNEGIE   INSTITUTION   OF   WASHINGTON. 

South  America. — After  completing  work  along  the  Amazon  between 
Manaos,  Brazil,  and  Iquitos,  Peru,  Observer  J.  T.  Howard  left  the  latter 
place  June  3  for  Huancayo  following  the  Ucayali  River  to  Masisea,  the  Pa- 
chitea  River  to  Puerto  Victoria,  and  the  Pichis  River  to  Puerto  Bermudez 
at  the  head  of  navigation;  thence  the  journey  was  by  mule  to  La  Merced, 
by  auto-bus  to  Oroya,  and  by  rail  to  Huancayo.  Magnetic  stations  were 
established  along  this  route  in  1912  by  Observer  H.  R.  Schmitt,  and  Mr. 
Howard  reoccupied  3  of  these,  the  reoccupation  of  more  being  impossible 
without  great  hardship  and  delay.  The  regularly  scheduled  mail-launch 
was  used  from  Iquitos  to  Bafios  on  the  Pachitea,  where  rapids  were  encoun- 
tered which  could  not  be  passed  by  that  boat  on  account  of  the  low  stage  of 
water.  The  passengers  and  mail  were  transferred  to  a  smaller  craft,  which 
was  in  bad  repair  and  soon  had  to  be  abandoned  for  canoes  in  which  9  days' 
paddling  were  required  to  reach  the  head  of  navigation  of  the  Pichis  River 
at  Puerto  Bermudez,  June  21.  After  making  magnetic  observations  8  days 
were  required  to  reach  La  Merced,  where  an  auto-bus  was  available  to  Oroya, 
whence  the  journey  was  completed  by  rail  to  Huancayo,  where  Mr.  Howard 
arrived  July  8.  During  July  a  complete  intercomparison  of  instruments 
was  made  at  the  Observatory.  In  the  first  week  of  August,  Mr.  Howard 
reoccupied  the  stations  of  La  Merced  and  Tarma,  and  after  a  short  period  of 
leave  he  proceeded  to  Lima  and  reoccupied  the  station  on  San  Lorenzo 
Island  in  Callao  Harbor,  August  26.  The  stations  of  Paita  and  Piura  in 
northern  Peru  previously  occupied  by  Observer  A.  D.  Power  in  1912  were 
next  reoccupied.  At  the  former  place  an  unfortunate  accident  on  August  29 
damaged  the  instrument  so  that  inclination  could  not  be  observed  and  only 
observations  for  declination  and  horizontal  intensity  could  be  made.  Three 
stations  were  reoccupied  in  Ecuador,  viz,  Guayaquil,  Riobamba,  and  Quito. 
The  field  work  was  concluded  October  7,  when  the  observer  sailed  for  Cris- 
tobal en  route  to  New  York;  he  arrived  in  Washington,  October  27. 

After  completing  his  work  in  Mexico,  Observer  J.  Lindsay  (see  p.  187)  left 
Balboa,  Canal  Zone,  October  9,  for  Callao  to  begin  a  series  of  observations 
for  secular  and  diurnal  variation  in  the  southern  countries  of  South  America. 
He  arrived  in  Lima,  Peru,  October  15,  and  made,  besides  the  regular  observa- 
tions, 2  series  of  diurnal-variation  observations  in  each  magnetic  element; 
these  were  of  particular  interest  since  they  permitted  a  direct  comparison 
with  results  being  obtained  at  the  Huancayo  Observatory,  only  120  miles  to 
the  east  but  at  an  altitude  of  11,000  feet,  to  throw  light  on  the  question  of  a 
possible  difference  due  solely  to  altitude.  Leaving  Lima  on  October  27 
he  went  to  Huancayo,  where  his  instruments  were  compared  with  those  of  the 
Observatory.  On  November  12  he  sailed  for  Mollendo,  Peru,  where,  in 
addition  to  observations  for  secular  variation,  observations  were  desired  to 
determine  whether  an  unusual  daily  range  in  inclination  found  during  obser- 
vations in  1917  is  characteristic  of  the  region  or  arose  from  special  conditions 
of  the  stations  occupied  then  at  Arequipa.  Accordingly,  the  usual  program 
of  observations  with  the  special  diurnal-variation  observations  was  carried 
out  at  Mollendo,  November  15  to  18,  at  Arequipa,  November  19  to  25,  and 
at  Juliaca,  December  2  to  5.  These  diurnal-variation  observations,  taken 
with  those  at  subsequent  stations  in  the  southern  half  of  South  America  on 
both  sides  of  the  divide,  reveal  interesting  conditions  which  will  be  discussed 
later.  After  observations  at  La  Paz  on  December  12,  Mr.  Lindsay  returned 
to  the  coast  at  Arica,  where  observations  were  made  December  20  to  21,  and 
then  proceeded  along  the  coast  southward,  reoccupying  stations  at  Iquique, 
Antofagasta  (including  diurnal- variation  observations),  Calama,  Copiapo, 
Coquimbo,  Valparaiso  (including  diurnal-variation  observations),  Coronel, 
Corral,  and  Puerto  Montt  (including  diurnal- variation  observations),  where 
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he  arrived  in  February  1925.  Mr.  Lindsay  proceeded  from  Puerto  Montt  to 
Punta  Arenas,  Chile,  in  the  Straits  of  Magellan,  where  3  stations  were  occu- 
pied, including  the  1919  station  of  Observer  A.  Sterling  at  which  diurnal- 
variation  observations  were  made.  An  automobile  trip  was  made  to  Ultima 
Esperanza  on  the  west  coast,  where  the  C.  I.  W.  station  of  1919  was  reoccupied 
March  10  to  11.  On  March  24  Mr.  Lindsay  left  Punta  Arenas  for  Port 
Stanley,  Falkland  Islands,  stopping  en  route  at  Rio  Grande,  Tierra  del  Fuego, 
where  a  new  station  was  established,  and  arrived  at  Port  Stanley  on  March  31. 
He  remained  in  the  Falkland  Islands  until  April  28  (see  p.  188),  when  he 
sailed  again  for  Punta  Arenas.  Mr.  Lindsay  proceeded  May  2  from  Punta 
Arenas  northward  along  the  east  coast  of  Argentina.  The  stations  in  Argen- 
tina included  Santa  Cruz,  Puerto  Deseado  (diurnal-variation  observations), 
Las  Heras,  Puerto  Madryn,  Bahia  Blanca  (diurnal-variation  observations), 
and  Mercedes;  all  of  these  had  been  previously  occupied  by  observers  of  the 
Department.  After  conferring  in  June  with  the  officials  at  the  Meteoro- 
logical Office  at  Argentina  in  Buenos  Aires  regarding  the  magnetic  work,  he 
continued  northward  to  Monte  Caseros  en  route  to  Corumba,  Brazil.  He 
arrived  at  Asuncion,  Paraguay,  July  7. 

North  America. — On  the  expedition  to  Mexico  of  Mr.  Green  accompanied 
by  Mr.  Lindsay  (see  p.  157  of  last  year's  report)  the  comparison  of  instru- 
ments at  Teoloyucan  was  completed  by  July  11  after  the  reoccupation  of 
stations  at  Sabinas,  Monterey,  Oaxaca,  and  the  establishment  of  a  new 
station  at  Puebla.  The  two  observers  jointly  occupied  a  station  at  Quere- 
taro,  when  Mr.  Green  went  on  alone  to  Guadalajara,  thence  overland  to  Tepic 
and  by  rail  to  Mazatlan,  where  diurnal-variation  observations  were  made. 
From  Mazatlan  he  went  to  Culican  and  then  to  Guaymas  and  Hermosillo, 
where  C.  I.  W.  stations  of  1908  were  reoccupied.  Opportunity  was  taken 
then  to  compare  instruments  at  the  United  States  Coast  and  Geodetic 
Survey  Magnetic  Observatory  at  Tucson,  Arizona,  and  to  make  a  series  of 
diurnal-variation  observations  in  declination  and  intensity  by  the  method 
employed  at  field  stations  for  direct  comparison  with  the  magnetograms 
obtained  at  the  Observatory.  Then  C.  I.  W.  stations  at  Nueva  Casas 
Grandes  and  Chihuahua  in  Mexico  and  the  Coast  and  Geodetic  Survey 
station  at  Sweetwater,  Texas  (diurnal- variation  observations),  were  reoccu- 
pied while  en  route  to  Washington,  where  Mr.  Green  reported  August  30. 

After  separating  from  Mr.  Green,  Mr.  Lindsay  occupied  stations  in  eastern 
Mexico  at  San  Luis  Potosi,  Tampico,  Vera  Cruz,  Puerto  Mexico  (diurnal- 
variation  observations),  and  Frontera,  the  last  being  occupied  August  16. 
The  conditions  not  being  favorable  for  crossing  the  Isthmus  of  Tehuantepec 
and  going  thence  to  Panama,  he  proceeded  instead  to  Yucatan,  obtaining 
observations  at  Campeche,  Merida  (diurnal-variation  observations),  and 
at  a  new  station  at  Chichen  Itza  on  the  site  of  the  archeological  excavations. 
He  then  took  passage  for  Havana,  where  the  old  C.  I.  W.  station  was  reoccu- 
pied and  diurnal-variation  observations  were  made  September  19  to  22. 
En  route  to  South  America,  where  an  extended  series  of  reoccupations  for 
secular  variation  was  to  be  undertaken,  Mr.  Lindsay  secured  observations 
at  the  C.  I.  W.  station  at  Old  Panama,  together  with  diurnal-variation  obser- 
vations, and  thence  proceeded  early  in  October  to  Peru  (see  p.  186). 

A  party  under  the  direction  of  Captain  J.  P.  Ault  and  including  R.  H. 
Goddard,  J.  B.  Goldsmith,  and  J.  E.  Sanders,  made  observations  at  Green- 
port,  Long  Island,  during  the  total  solar  eclipse  of  January  24,  1925  (see 
p.  195). 

During  April  19  to  May  6  a  trip  for  the  purpose  of  providing  experience  in 
practical  field  work  for  J.  E.  Sanders  and  A.  H.  Kampe,  observers,  under 
H.  W.  Fisk  as  chief  of  party,  reoccupied  7  stations  of  the  United  States 
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Coast  and  Geodetic  Survey  in  the  south  Atlantic  states.  The  stations  reoc- 
cupied  were  Florence,  South  Carolina;  Whiteville,  North  Carolina;  Waycross 
and  Dalton,  Georgia;  Bunnell  and  Jacksonville,  Florida;  and  Bristol,  Virginia. 

Australasia. — In  pursuance  of  the  plan  of  cooperation  with  the  Govern- 
ment Astronomer  of  South  Australia,  observations  were  made  by  Assistant 
Astronomer  A.  L.  Kennedy,  aided  by  C.  A.  Madden  and  L.  M.  Waterford, 
at  Yorketown,  June  21  and  22,  1924,  at  Edithburg,  June  23  and  24,  1924,  and 
at  Port  Victor,  November  28  and  December  1,  1924.  Edithburg  and  Port 
Victor  had  been  previously  occupied  in  1911  by  C.  I.  W.  Observer  E.  N. 
Webb  and  the  latter  also  by  W.  C.  Parkinson  in  1914. 

Islands,  Atlantic  Ocean. — The  station  at  Havana,  Cuba  (see  p.  187),  was 
reoccupied  September  19  to  23  by  Mr.  J.  Lindsay.  Three  stations  were 
occupied  by  the  same  observer  in  April  1925  at  Port  Stanley,  Falkland  Islands, 
these  being  old  C.  I.  W.  stations.  Diurnal-variation  series  in  all  3  elements 
were  obtained  at  Port  Stanley.  He  also  obtained  observations  at  Port  Louis 
and  at  Mount  Pleasant;  the  first  was  an  exact  reoccupation  of  the  station  of 
H.  M.  S.  Erebus  and  Terror  in  1842  and  of  H.  M.  S.  Challenger  in  1876.  A 
wider  distribution  of  stations  in  the  Falkland  Islands  was  prevented  by  diffi- 
culties of  transportation  and  inclement  weather. 

On  May  14,  Observer  J.  E.  Sanders  sailed  from  New  York  for  Ponta  Del- 
gada,  Azores.  With  the  cooperation  of  Colonel  F.  A.  Chaves,  director  of  the 
Meteorological  Service  of  the  Azores,  complete  intercomparisons  of  the  lat- 
ter's  instruments  (San  Miguel  Observatory  standards)  with  those  of  the 
Department  were  secured  during  May  24  to  June  10.  Preoccupations  were 
made  also  at  one  of  the  stations  of  Colonel  Chaves  on  each  of  the  islands  of 
Terceira,  Fayal,  and  Flores.  Mr.  Sanders  reoccupied  June  22  to  30  the 
2  C.  I.  W.  stations  at  Funchal,  Madeira,  and  established  2  auxiliary  stations 
on  account  of  local  disturbance.  He  arrived  at  Tangier,  Morocco,  July  6, 
and  will  occupy  C.  I.  W.  secular-variation  stations  in  Morocco,  Canaries, 
and  the  west  coast  of  Africa. 

Arctic  regions. — No  report  of  the  work  accomplished  by  the  Maud  Expedi- 
tion has  been  received  since  that  given  on  page  159  of  last  year's  report.1 

On  September  20,  1924,  Mr.  R.  H.  Goddard  returned  with  the  MacMillan 
North  Greenland  Expedition  to  Wiscasset,  Maine.  Besides  the  absolute 
observations  at  Refuge  Harbor,  the  winter-quarters  of  the  Expedition, 
where  continuous  registrations  had  been  secured  for  8  months,  observations 
were  made  in  May  1924  at  Cape  Sabine,  Ellesmere  Land,  and,  on  the  return 
voyage,  at  Keate,  Akpani,  Godhavn,  Holstensborg,  and  Godthaab,  all  in 
Greenland,  and  at  Hopedale,  Labrador.  Observations  had  been  made  also 
at  the  last  2  stations  on  the  outward  voyage.  Thus  secular-variation  data 
as  well  as  continuous  registration  data  for  8  months  in  terrestrial  magnetism 
and  electricity  at  a  far  northern  observatory  have  been  obtained  through  the 
cooperation  effected  with  Dr.  MacMillan's  Expedition. 

Survey  control  at  Washington. — Magnetometer-inductors  25,  26,  and  28 
used  in  the  field  operations  were  standardized  and  determinations  of  inertia 
were  made  to  investigate  inertia-changes  taking  place  during  field  work. 
Dip  circles  241  and  242  were  compared  and  intensity,  inclination,  and  declina- 

1  Word  was  received  August  14,  1925,  by  radio  that  the  Maud  was  free  of  the  ice  and  was  then 
proceeding  to  Nome,  Alaska,  where  she  arrived  August  22  and  from  which  place  a  report  was 
received  that  much  valuable  data  had  been  obtained  in  terrestrial  magnetism  and  atmospheric 
electricity  during  the  time  the  vessel  was  awaiting  the  breaking  up  of  the  ice  at  her  winter- 
quarters  of  1924  to  1925,  four  miles  north  of  Bear  Island,  near  Cape  Baranof  and  not  far  from  the 
winter-quarters  of  the  vessel  in  1919-1920.  Since  the  last  radiogram  received  on  January  10, 
1924  (see  p.  159  of  annual  report  of  1924),  about  50  magnetic  stations  have  been  occupied. 
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tion  constants  and  corrections  determined  upon  their  return  after  use  during 
the  MacMillan  North  Greenland  Expedition  of  1923  to  1924.  In  December 
a  complete  set  of  intercomparisons  was  made  between  the  Department 
standards  and  the  instruments  (magnetometer  15  and  Toepfer  earth-induc- 
tor 89)  belonging  to  the  Meteorological  Service  of  Canada.  The  observa- 
tions were  made  by  H.  W.  Fisk  for  the  Department  and  by  W.  E.  W.  Jack- 
son for  the  Meteorological  Service.  In  April  preliminary  training  in  the  use 
of  magnetic  instruments  was  given  Observers  Sanders  and  Kampe  by  Captain 
Ault. 

Reduction  of  field  observations. — The  observations  made  by  the  various 
field  parties  for  the  year  1924  have  been  reduced,  revised,  and  prepared  for 
publication  in  Volume  VI  of  the  Researches  of  the  Department.  The  field 
work  consisted  largely  in  reoccupations  of  secular- variation  stations,  and  a 
preliminary  discussion  of  the  results  obtained  during  1905  to  1924  was  made 
for  Latin  America  and  adjacent  waters  (see  p.  212). 

An  important  feature  of  the  field  work  is  the  securing  of  curves  of  the 
diurnal  variation  in  each  of  the  3  magnetic  elements  at  selected  places  called 
"Class  I"  stations.  While  the  program  of  determining  secular  variation 
limits  the  stay  at  each  point  to  a  few  days  in  order  that  the  field  may  be 
covered  in  as  short  a  time  as  practicable,  the  attempt  to  learn  something  of 
the  diurnal  variation  by  these  observations  on  single  days,  chosen  at  random, 
has  shown  conditions  of  great  interest.  In  horizontal  intensity,  the  magneto- 
grams  from  the  Huancayo  Observatory  show  a  rapid  increase  during  the 
morning  hours  and  a  corresponding  decrease  during  the  afternoon,  the  inten- 
sity increasing  and  decreasing  with  the  altitude  of  the  Sun.  This  char- 
acteristic is  seen  at  all  the  stations  along  the  Pacific  Coast  as  far  south  as 
Valparaiso,  Chile.  The  amplitude  of  the  curve  diminishes  as  the  southerly 
inclination  increases.  Thus  at  Valparaiso,  January  30,  1925,  the  value  of 
intensity  near  local  mean  noon  was  about  60  gammas  (one  gamma  =  0.00001 
c.  g.  s.  unit)  greater  than  the  morning  or  evening  values,  with  a  slight  indi- 
cation of  a  decrease  of  intensity  between  6h  and  9h.  At  Puerto  Montt  on 
February  14  there  was  a  more  marked  minimum  in  the  forenoon  while  the 
maximum,  instead  of  occurring  at  local  noon,  was  delayed  rather  more 
than  one  hour.  At  the  extreme  southern  station,  Punta  Arenas  in  the  Straits 
of  Magellan,  the  character  of  the  diurnal  variation  as  determined  March  2  was 
entirely  changed  from  that  found  at  more  northerly  stations;  instead  of  an 
increase  with  the  altitude  of  the  Sun,  there  is  now  a  decided  decrease,  the 
high  values  being  in  the  morning  and  evening,  with  a  minimum  near  midday 
instead  of  a  maximum  as  at  more  northerly  stations.  At  Port  Stanley  in 
the  Falkland  Islands  the  diurnal  variation  observed  on  3  days  (April  4, 
6,  and  10)  shows  the  value  of  intensity  decreasing  to  a  minimum  at  about 
10h  30m  and  rising  to  a  maximum  near  16h,  much  as  at  other  stations  of 
similar  magnetic  latitude.  At  Puerto  Deseado,  Patagonia,  the  curve  was 
quite  similar  to  that  at  Port  Stanley.  The  observations  at  Bahia  Blanca 
were  near  the  time  of  the  winter  solstice  and  the  diurnal  variation  was  devoid 
of  well-marked  maximum  or  minimum,  the  entire  range  for  the  daylight  hours 
being  scarcely  more  than  10  gammas.  It  is  of  interest  to  note  that  this 
station  on  the  Atlantic  Coast  lies  between  the  magnetic  latitude  of  Puerto 
Montt  and  of  Valparaiso  on  the  Pacific  Coast,  at  which  stations  the  midday 
maximum  was  so  great. 
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The  change  of  the  daily  curve  in  inclination  from  station  to  station  as 
the  observer  traveled  first  southward  to  Punta  Arenas  and  then  returned 
northward  along  the  Atlantic  side  was  even  more  striking  than  that  in  hori- 
zontal intensity.  Considering  motion  downward  of  the  north-seeking  end 
of  the  needle  as  an  increase,  then  at  all  points  along  the  Pacific  Coast  having 
southerly  inclination  there  was  a  sharp  rise  in  the  curve  in  the  forenoon  and 
decline  in  the  afternoon  as  far  south  as  Puerto  Montt,  Chile;  this  was  also 
true  at  Arequipa,  Peru,  but  was  not  nearly  so  pronounced  at  Juliaca  situated 
on  the  heights  near  Lake  Titicaca.  At  Punta  Arenas  and  Port  Stanley 
the  minimum  instead  of  the  maximum  occurred  near  midday,  while  at  Puerto 
Deseado  the  variation  during  the  short  winter  day  (May  23)  was  very  small, 
less  than  1  minute.  At  Bahia  Blanca,  near  the  winter  solstice,  the  observed 
range  was  somewhat  larger  with  a  maximum  near  midday  and  a  minimum  late 
in  the  afternoon.  So  far  as  observations  thus  far  received  may  be  used  in 
advance  of  a  complete  discussion,  there  appears  to  be  a  decided  change  in  the 
character  of  the  daily  curve  as  one  nears  the  southern  extremity  of  the  conti- 
nent, and  the  curves  for  both  the  intensity  and  the  inclination  are  essen- 
tially different  on  the  western  and  eastern  sides  of  the  mountain  range.  On 
the  Pacific  side  of  the  mountains  the  daily  range  in  the  value  of  inclination 
is,  in  general,  10'  or  more  from  Lima  south  to  Puerto  Montt,  although  ap- 
parently less  on  the  plateau  as  at  Juliaca,  Peru,  while  for  stations  so  far  occu- 
pied on  the  eastern  coast  the  amplitude  appears  to  be  considerably  less. 

The  preliminary  discussion  of  the  magnetic  secular-variation  indicates 
that  the  system  of  lines  of  equal  annual  change  in  either  of  the  elements  is 
much  more  complex  than  heretofore  represented,  and  emphasizes  the  neces- 
sity of  observations  spaced  at  shorter  distances  apart  and  repeated  at  briefer 
intervals  of  time  than  has  been  customary  in  the  past.  Furthermore,  it  is  not 
sufficient  to  rely  on  the  work  of  a  few  scattered  observatories  to  properly 
represent  these  changes,  nor  upon  limited  areas,  such  as,  for  example,  Europe 
or  the  United  States,  as  a  basis  from  which  to  deduce  the  changes  over  the 
whole  Earth. 

OBSERVATORY  WORK.1 

The  work  of  the  magnetic  and  electric  observatories  during  the  year  July 
1,  1924,  to  June  30,  1925,  may  be  briefly  summarized  as  follows: 

Watheroo  Magnetic  Observatory,  Western  Australia. — The  magnetograph  was 
continuously  operated  and  the  necessary  routine  observations  for  the  control 
of  the  magnetograms  were  carried  out  regularly  during  the  report  year. 
Complete  tabulations  of  mean  hourly  scalings  were  prepared  and  forwarded 
to  the  office  for  final  reduction.  Statements  of  magnetic  character  were  made 
and  descriptions  and  scalings  of  magnetic  storms  and  earthquakes  furnished. 
The  mean  values  of  the  weekly  determinations  of  the  magnetic  elements 
for  1924  were:  Declination,  4°  19 '9  west;  horizontal  intensity,  0.24753 
c.  g.  s.  unit;  and  inclination,  64°  05 '0  south.  (See  p.  196  for  values  deduced 
from  magnetograms.) 

The  potential-gradient  apparatus  was  in  continuous  operation.  Reduc- 
tion-factor observations  were  taken  frequently,  giving  careful  attention  to 
every  detail.  The  observed  results  for  July,  October,  December,  January, 
February,  March,  and  April  gave  close  agreement  and  were,  respectively, 
1.24,  1.18,  1.12,  1.19,  1.23,  1.22,  and  1.20.  In  April  a  wireless  mast  70  feet 
from  the  atmospheric-electric  building  was  removed,  and  the  value  of  the 

1  From  the  reports  of  the  Assistant  Director  and  of  the  observers-in-charge. 
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reduction-factor  is  now  1.06  (1.04,  1.06,  and  1.07  for  April,  May,  and  June, 
respectively).  The  calibration-curves  for  potential  by  the  electrometer  were 
very  constant,  the  largest  departure  from  a  mean  curve  being  less  than  2  per 
cent  (by  months  from  July  1924  to  June  1925  the  values  for  5.5.  mm. 
deflection  were  100,  99,  100,  100,  102,  103,  104,  102,  103,  102,  103,  and  100 
volts).  A  complete  summary  giving  the  mean  hourly  values  of  the  potential 
gradient  in  volts  per  meter  was  compiled.  The  preliminary  mean  value  of 
atmospheric  potential-gradient  for  the  year  1924  was  86  volts  per  meter. 

The  atmospheric-electric  apparatus  for  recording  positive  and  negative 
conductivity  (X+and  X_)  was  kept,  as  far  as  possible,  in  continuous  operation. 
Complete  calibrations  for  each  conductivity  were  made  weekly.  The  scale- 
value  is  approximately  1.3  X  10-5  E.  S.  U.  per  millimeter.  No  changes 
have  been  made  in  the  apparatus  for  recording  positive  conductivity  during 
the  6  months  to  June  1925,  and  its  scale-value  has  remained  constant  within  a 
total  range  of  about  5  per  cent  (thus  the  scale-values  for  12  mm.  deflection 
in  E.  S.  U.  X  10-5  by  months  beginning  with  December  were  1.38,  1.40, 
1.35,  1.35,  1.37,  1.38,  and  1.32).  The  preliminary  mean  values  of  X+  and 
X_  for  January  to  December  1924  (omitting  February)  were  1.9  and  1.7 
E.  S.  U.  X  10"4,  respectively. 

The  earth-current  recorder  was  in  continuous  operation  throughout  the 
period  covered  by  this  report.  As  before,  registrations  were  made  of  the 
differences  in  potential  between  electrodes  1  and  2  miles  apart  in  directions 
at  right  angles  (one  underground  system  of  1-mile  lines,  and  2  overhead 
systems  of  1-mile  and  2-mile  lines).  There  has  been  a  steady  increase  in  the 
contact  resistances  of  the  electrodes  if  due  regard  is  taken  of  the  seasons. 
The  record  of  the  average  contact-resistances  of  the  individual  electrodes  at 
the  common  point  are  as  follows: 


Date. 

Average 
contact-resistance. 

Remarks. 

Oct.  1923 

117  ohms 

653  ohms 

438  ohms 

1,577  ohms 

End  of  wet  season. 
Height  of  dry  season. 
End  of  wet  season. 
End  of  dry  season. 

Jan.  1924 

Oct.  1924 

Mar.  1925 

On  account  of  the  increase  in  electrode  resistances  a  1,325-ohm  galvanom- 
eter coil  and  a  2,000-ohm  shunt  were  installed  in  March.  (See  p.  214  re- 
garding the  preliminary  results  of  the  earth-current  measurements.) 

The  buildings  were  kept  in  repair,  and  the  malthoid  roofing  on  the 
absolute  building  and  half  of  that  on  the  office  building  were  replaced.  The 
chaff  house  was  altered  in  order  to  house  the  duplicate  Delco  generator  and  5 
banks  of  storage  batteries.  The  special  switchboard  received  from  the 
Office  was  mounted  and  a  small  panel  added  to  take  care  of  the  various  lighting 
and  power  problems  encountered.  Three  banks  of  storage  batteries  were 
assembled  and  put  in  operation.  The  veranda  around  the  residence  was 
completed  and  screened,  which  has  added  greatly  to  the  comfort  of  the  ob- 
servers.    A  separate  road  for  the  Citroen  car  has  been  constructed. 

The  usual  daily  meteorological  observations  were  maintained  and  the 
results  supplied  to  the  office  and  the  Australian  Commonwealth  Weather 
Bureau.  An  anemograph  was  mounted  and  has  been  in  operation  since 
January  1.  The  charts  will  prove  especially  useful  in  aiding  to  interpret 
the  atmospheric-electric  results.  The  3-tube  radio  set,  constructed  in  the 
Office,  has  functioned  well,  and  daily  radio  time-signals  were  received  regu- 
larly. 
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H.  F.  Johnston  continued  as  the  observer-in-charge,  and  he  was  excellently 
assisted  in  the  scientific  work  by  Observers  O.  W.  Torreson  and  J.  E.  I. 
Cairns  and  in  the  mechanical  work  by  E.  A.  Watts. 

During  the  period  a  few  visitors  inspected  the  equipment  at  the  Observa- 
tory. Mr.  G.  L.  Sutton,  Director  of  Agriculture,  made  a  special  trip  to 
advise  on  the  agricultural  experiments  undertaken  in  cooperation  with  the 
State  Department  of  Agriculture  of  Western  Australia. 

The  Commonwealth  Government  has  continued  to  authorize  the  free  entry 
of  all  scientific  equipment.  Government  officials,  the  staff  of  the  Depart- 
ment of  Physics  of  the  University  of  Western  Australia,  and  various  Perth 
firms  have  given  every  possible  assistance  to  the  Observatory. 

Huancayo  Magnetic  Observatory,  Peru. — The  magnetograph  was  kept  in 
continuous  operation  throughout  the  report  year  ending  June  30,  1925; 
the  various  control  observations  were  made  regularly  and  their  values 
reduced.  The  conductivity  apparatus  also  functioned  continuously  with 
but  slight  interruptions  for  the  necessary  adjustments  and  improvements. 
The  potential-gradient  apparatus  recorded  continuously;  standardization 
observations  were  made  as  regularly  as  weather  conditions  permitted,  usually 
once  per  month.  The  usual  daily  meteorological  observations  were  made 
and  reduced.  Continuous  records  were  maintained  of  barometric  pressure, 
air  temperature,  and  relative  humidity,  and  the  reductions  of  barometric 
pressure  were  kept  current.  Intercomparisons  between  the  Observatory 
standard  magnetic  instruments  and  the  field  equipments  of  Observers  Howard 
and  Lindsay  were  made  in  July  1924  and  November  1924,  respectively. 
The  principal  construction  and  installation  work  having  been  completed, 
more  time  has  been  available  for  the  scaling  and  reduction  of  the  recorded 
values  from  magnetic  and  atmospheric-electric  instruments;  thus  the  scalings 
and  reductions  were  brought  up  to  date  and  are  being  maintained  current. 
Meteorological  data  were  supplied  to  the  Cerro  de  Pasco  Copper  Corporation 
for  use  in  an  investigation  of  the  connection  between  rainfall  and  a  certain 
cattle  disease.  Since  June  14,  1925,  weekly  meteorological  returns  were 
furnished  to  El  Heraldo,  el  Huancayo  daily  newspaper. 

The  mean  values  resulting  from  the  weekly  determinations  of  magnetic 
elements  for  the  year  1924  were:  Declination,  8°  01 '7  east;  horizontal  inten- 
sity, 0.29755  c.  g.  s.  unit;  and  inclination,  0°  54 '6  north. 

The  preliminary  mean  values  for  the  atmospheric-electric  elements  during 
the  calendar  year  1924  were:  Potential  gradient,  40  volts  per  meter  (February 
to  December  only),  using  1.0  as  the  value  of  reduction-factor  pending  further 
discussion  of  the  observed  values;  conductivity,  3.9  and  4.5  E.  S.  U.  X  10~4 
for  X+  and  X_,  respectively  (omitting  May,  for  which  there  was  no  record 
of  X_),  these  values  depending  upon  the  preliminary  smoothed  graphs  of 
observed  calibrations  as  made  at  the  Observatory. 

During  September  1924  a  Friez  pressure-tube  anemograph  was  installed  in 
the  building  "Frame"  previously  used  as  a  temporary  magnetic  observatory. 
A  second  Delco  generator  and  batteries  and  special  control  switchboard  were 
installed  during  May  and  June  1925.  An  apparatus  for  estimating  variations 
of  radio  signal-intensities  was  received  in  June  1925  and  was  given  initial 
tests.  A  preliminary  survey  and  inquiry  looking  toward  the  installation  of 
apparatus  for  recording  variations  of  earth  potentials  was  submitted  with  an 
estimate  of  probable  cost. 

Some  time  was  given  to  construction  work  and  general  improvements. 
In  order  to  accommodate  a  larger  personnel,  some  alterations  were  made  in  the 
interior  of  the  observers'  quarters.  A  bathroom  was  constructed  in  the 
attic,  the  fittings  being  transferred  from  a  room  previously  used  as  such  on  the 
ground  floor.     An  additional  bedroom  was  also  constructed  in  the  attic. 
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Thus  all  available  space  in  the  quarters  is  fully  taken  up.  A  4-wire  fence 
was  erected  to  inclose  the  atmospheric-electric  observatory  and  potential- 
gradient  site  for  standardizations  to  prevent  the  approach  of  horses  and  cattle. 
A  new  site  for  the  standardization  observations  of  atmospheric  potential- 
gradient,  in  closer  proximity  to  the  atmospheric-electric  observatory,  has 
been  in  use  since  the  beginning  of  1925,  and  observations  made  at  this  new 
station  have  been  found  to  give  much  more  concordant  results.  All  buildings 
and  the  site  generally  were  maintained  in  repair. 

Mr.  Wilfred  C.  Parkinson  continued  as  observer-in-charge  throughout  the 
year,  being  ably  assisted  by  Observer  R.  T.  Booth.  Mr.  D.  G.  Coleman  took 
up  his  duties  as  assistant  August  9,  1924,  and  remained  until  February  9, 
1925,  when  he  resigned.  Messrs.  R.  H.  Goddard  and  A.  H.  Kampe,  as- 
signed as  observers,  arrived  on  June  16,  1925.  Senor  M.  T.  Quintana  was 
temporarily  engaged  as  observatory  aid  on  March  1,  1925,  his  appointment 
being  extended  until  the  end  of  June'  1925.  The  staff  of  workmen  has  con- 
tinued unchanged. 

During  the  latter  part  of  December  1924  and  the  early  part  of  January 
1925  the  observer-in-charge  attended  the  meetings  of  the  Third  Pan-Amer- 
ican Scientific  Congress  in  Lima  as  a  delegate  of  the  Carnegie  Institution  of 
Washington  and  presented  papers  dealing  with  the  work  of  the  Department 
in  Latin  America  (see  pp.  212  and  219). 

During  July  1924  the  automobile  road  from  Huancayo  to  the  Observatory 
was  completed  and  formally  opened,  the  wife  of  the  observer-in-charge,  Mrs. 
W.  C.  Parkinson,  acting  as  sponsor.  A  Ford  automobile,  delivered  during 
September,  has  given  splendid  service,  adding  greatly  to  the  comfort  of  the 
Observatory  staff. 

The  Peruvian  Government  has,  in  many  ways,  shown  continued  interest  in 
the  work  of  the  Institution  in  Peru,  and  grateful  acknowledgment  of  its 
assistance  is  hereby  made.  Thanks  are  also  due  to  the  Embassy  of  the 
United  States  in  Lima  for  its  material  help. 

Local  interest  in  the  Observatory  has  been  maintained  and  augmented,  as 
evidenced  by  the  increasing  number  of  visitors  welcomed.  A  considerable 
number  of  students  of  local  colleges  and  schools  visited  the  Observatory 
during  the  year  and  inspected  its  equipment. 

Apia  Observatory,  Western  Samoa. — The  cooperation  of  the  Department, 
particularly  in  the  atmospheric-electric  program  both  in  supplying  of  appa- 
ratus and  in  financial  assistance,  was  continued  with  the  New  Zealand 
Government  through  the  Department  of  External  Affairs  and  its  Honorary 
Board  of  Advice  and  with  the  British  Admiralty.  Mr.  Andrew  Thomson, 
associate  physicist  of  the  Department,  continued  to  serve  as  Acting  Director 
until  August  31,  when,  at  the  request  of  the  Secretary  of  the  New  Zealand 
Department  of  External  Affairs,  he  accepted  the  directorship  of  the  Observa- 
tory. Mr.  Thomson  was  on  leave  of  absence  in  the  United  States  and 
Canada  during  June  1  to  September  16  collecting  instrumental  equipment 
and  studying  the  methods  and  procedure  followed  at  magnetic  and  electric 
observatories.  Dr.  R.  Pemberton,  who  was  appointed  physicist  on  the  staff 
of  the  Observatory  beginning  September  1,  was  given  special  instruction 
at  Washington  during  the  early  part  of  September  in  methods  followed 
by  the  Department.  Messrs.  Thomson  and  Pemberton  arrived  at  the 
Observatory  on  October  1.  They  carried  with  them  new  apparatus  and 
equipment  for  the  Observatory,  including  special  sulphur-insulated  supports 
for  mounting  the  collector  for  the  potential-gradient  apparatus  and  equip- 
ment for  measuring  the  total  solar  radiation.  During  the  absence  of  Mr. 
Thomson,  Mr.  Westland,  Assistant  Director,  had  charge  of  the  work  of  the 
Observatory. 
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Because  of  instrumental  troubles,  potential-gradient  records  were  not 
obtained  during  June  to  September  20,  1924,  at  the  specially  constructed 
laboratory  designated  "lagoon  house"  (previously  known  as  "reef  house") 
above  the  waters  of  the  lagoon  (see  p.  162  of  last  year's  report).  Despite 
the  unusual  rains,  good  series  of  potential-gradient  records  were  obtained 
at  the  land  station  throughout  the  report  year  ending  June  30, 1925,  and  at  the 
lagoon  house  subsequent  to  September.  The  newly  designed  sulphur-insu- 
lated support  for  the  collector  supplied  by  the  Department  was  mounted  at 
the  lagoon  house  at  the  end  of  January  and  proved  much  more  efficient 
than  the  amber  insulating  system  previously  used.  The  chloride-of-silver 
dry  batteries  used  for  the  potential-gradient  work  continue  to  give  good 
service  despite  the  very  unfavorable  climatic  conditions  in  Apia,  although 
they  have  been  in  use  over  2^  years.  In  view  of  the  expense  of  replacement, 
however,  Mr.  Thomson  has  been  experimenting  with  ordinary  dry  batteries 
of  the  type  used  in  radio  work  when  replacements  were  necessary.  The  re- 
determination of  the  reduction-factor  for  evaluating  the  potential  gradient 
from  the  records  at  the  land  station  gave  a  mean  value  of  1.07,  in  excellent 
agreement  with  the  factor  1.00  previously  determined.  The  variations  in 
scale-values  of  electrometers  of  the  Benndorf  type  arising  from  inertia  of 
the  needle  were  investigated,  and  it  was  found  that  such  variations  may  be 
as  great  as  4  per  cent.  The  preliminary  mean  value  of  the  atmospheric 
potential-gradient  at  the  land  station  obtained  during  the  calendar  year 
1924  from  115  days  of  "0"  character  was  112  volts  per  meter.  Marigrams 
showing  variations  of  the  tides  at  the  lagoon  house  were  obtained  throughout 
the  year  and  are  being  analyzed  by  the  Tidal  Division  of  the  United  States 
Coast  and  Geodetic  Survey.  The  resulting  data  will  be  required  in  the  final 
reductions  of  the  potential-gradient  records  obtained  at  the  lagoon  house. 

Mr.  Thomson  is  arranging  to  test  the  effect  of  height  of  collector  on  poten- 
tial-gradient records  by  mounting  an  auxiliary  collector  in  the  tower  of 
the  Roman  Catholic  cathedral,  at  a  height  of  35  meters. 

Mr.  Westland's  reductions  of  the  magnetic  results  as  reported  by  Mr. 
Thomson  give  the  following  values  for  the  mean  of  all  days  during  the  calendar 
year  1924:  Declination,  10°  19 '2  east;  horizontal  intensity,  0.35249  c.  g.  s. 
unit;  vertical  intensity,  —0.20453  c.  g.  s.  unit;  and  inclination,  30°  07 '5 
south. 

The  extensive  meteorological  program  was  maintained.  The  program  of 
upper-air  observations  instituted  in  June  1923  was  continued,  and  a  detailed 
report  on  the  results  of  the  pilot-balloon  flights  through  December  31,  1924, 
was  prepared  for  publication,  as  also  a  briefer  article  on  these  results  to  be 
published  in  the  Monthly  Weather  Review.  A  wireless  receiving  set  was 
installed  at  the  Observatory  so  that  the  time  signals  broadcast  from  Honolulu 
are  now  regularly  received  at  the  Observatory  for  the  control  of  the  standard 
clock. 

Refuge  Harbor  Observatory,  Greenland. — The  records  obtained  under  the 
immediate  charge  of  Observer  R.  H.  Goddard  at  the  temporary  observatory 
established  at  Refuge  Harbor,  Greenland,  in  cooperation  with  MacMillan 
North  Greenland  Expedition  of  1923  to  1924  (see  p.  163  of  last  year's  report) 
from  magnetograph  and  potential-gradient  electrograph  registrations  for  8 
months,  October  19,  1923,  to  June  20,  1924,  were  received  upon  the  return  of 
the  Expedition  in  September.  These,  with  the  8-months'  series  at  Bowdoin 
Harbor  (see  p.  278  of  the  report  for  1922)  and  the  results  obtained  by  Dr. 
H.  U.  Sverdrup  in  the  course  of  the  Arctic-Drift  Expedition  of  Amundsen 
on  the  Maud  during  June  1922  to  August  1925,  constitute  an  unusually 
valuable  mass  of  data  for  investigation  of  terrestrial  magnetism  and  elec- 
tricity in  the  Arctic  regions. 
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The  observatory  as  constructed  at  Refuge  Harbor  quite  successfully 
answered  the  purpose  for  which  it  was  intended  and  at  a  very  nominal  cost. 
The  precaution  of  supplying,  so  far  as  possible,  duplicate  parts  of  apparatus 
permitted  the  obtaining  of  complete  series  of  observations  that  otherwise 
would  not  have  been  possible  for  the  potential-gradient  recorder,  the  original 
clock  of  which  would  not  function  in  the  low  temperatures  experienced  at 
the  station.  Some  trouble  was  had  with  frost  crystals  collecting  within  the 
collecting  tube  of  the  potential-gradient  wall-insulator.  These  crystals 
established  a  contact  between  the  conducting  wire  and  the  walls  of  the  tube, 
thus  grounding  the  electrometer  system.  The  special  provision  of  celluloid 
covers  for  tangent  screws,  clamping  screws,  eye-pieces,  etc.,  for  the  absolute 
magnetic  and  electric  instruments  was  found  very  effective,  as  the  observa- 
tions had  to  be  made  at  very  low  temperatures. 

The  mean  values  of  the  control  magnetic  observations  made  once  each 
week  were:  Declination,  100°  01 '1  west;  horizontal  intensity,  0.04146  c.  g.  s. 
unit;  and  inclination,  85°  46 '2  north.  The  geographic  position  of  the 
Observatory  was  latitude  78°  32 '5  north  and  longitude  72°  22 '8  west. 

Five  series  of  absolute  potential-gradient  observations  were  obtained  to 
control  the  electrograms.  While  the  records  have  not  yet  been  reduced,  it 
appears  that  a  direct  correlation  exists  between  the  abnormally  high  values  of 
potential  gradient  and  fresh  wind  laden  with  fine  snow  (practically  frost 
crystals)  blowing  past  the  collector. 

Green-port,  United  States. — A  temporary  magnetic  and  electric  observatory 
was  established  at  Greenport,  Long  Island,  early  in  January  1925  in  connec- 
tion with  the  total  solar  eclipse  of  January  24,  1925.  Two  special  observa- 
tories were  constructed,  and  photographic  registrations  of  the  variations  of 
the  3  magnetic  elements  and  of  the  electric  potential-gradient  of  the  atmos- 
phere were  obtained  during  January  11  to  February  5.  Eye-readings  of  the 
variations  in  the  electric  potential-gradient,  positive  and  negative  conduc- 
tivity, and  positive  and  negative  ionic  content  were  made  during  7h  to  12h  on 
January  22  to  26  and  January  28.  Captain  J.  P.  Ault  was  chief  of  party, 
Observer  R.  H.  Goddard  being  in  charge  of  the  magnetic  work  and  Dr.  S.  J. 
Mauchly  in  charge  of  the  electric  work;  Messrs.  J.  E.  Sanders  and  J.  B.  Gold- 
smith assisted  in  the  magnetic  and  electric  observations,  while  Mr.  Albert 
Smith  had  charge  of  the  construction  of  the  two  special  observatories. 

The  results  and  discussion  of  the  records  were  completed  and  prepared  for 
publication  by  Messrs.  Ault,  Goddard,  and  Mauchly,  with  the  assistance  of 
Mr.  W.  F.  Wallis  (see  p.  202). 

Amundsen's  Arctic  Expedition. — The  program  of  diurnal-variation  observa- 
tions in  declination  and  in  atmospheric  potential-gradient  was  continued  by 
Dr.  H.  U.  Sverdrup  (see  p.  163  of  last  year's  report)  during  the  Arctic-Drift 
Expedition  of  the  Maud  for  almost  6  months  at  her  winter  quarters  of  1924- 
1925.1 

Washington,  United  States. — The  experimental  atmospheric-electric  obser- 
vatory on  the  deck  of  the  Laboratory  at  Washington,  D.  C.,  was  continued 
under  the  immediate  direction  of  Dr.  Mauchly.  Daily  photographic  records 
of  the  potential  and  of  the  negative  conductivity  of  the  atmosphere  were  about 
80  per  cent  complete ;  there  was  considerable  disturbance  caused  by  the  build- 
ing and  road  operations  in  the  immediate  neighborhood  of  the  Laboratory. 
The  redetermination  of  the  reduction-factor  for  the  potential-gradient 
records  gave  a  value  of  1.11,  in  substantial  agreement  with  those  previously 
determined.  The  provisional  mean  value  of  the  atmospheric  potential- 
gradient  determined  from  152  daily  records  of  "0"  character  for  the  calendar 
year  1924  was  170  volts  per  meter. 

1  See  foot-note  on  p.  188. 
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The  investigations  and  control  of  magnetic  standards  in  the  Standardizing 
Magnetic  Observatory  at  Washington,  D.  C,  were  continued.  Besides 
comparisons  of  instruments  before  and  after  field  work  (see  p.  188),  reduc- 
tions and  compilations  for  results  of  comparisons  at  observatories  were  made. 
These  included  comparisons  of  standards  at  the  Tucson  (Arizona)  Magnetic 
Observatory  of  the  United  States  Coast  and  Geodetic  Survey,  at  the  San 
Miguel  Observatory  of  the  Meteorological  Service  of  the  Azores,  and  at  the 
Huancayo  (Peru)  Magnetic  Observatory  of  the  Department  where  2  series 
of  comparisons  were  obtained.  Indirect  comparisons  of  observatory  stan- 
dards were  also  obtained  for  the  Meteorological  Service  of  Canada  (see 
p.  189)  and  for  the  Dominion  Observatory  of  Canada,  the  latter  through 
standardization  of  C.  I.  W.  universal  magnetometer  19  at  Washington  after 
its  return  from  Ottawa  where  it  had  been  compared  with  the  standards  of 
the  Observatory. 

Reduction  of  observatory  records. — Preparation  of  the  manuscript  giving 
the  final  reductions  of  the  magnetic  records  obtained  at  the  Watheroo  Obser- 
vatory was  continued  in  charge  of  Dr.  Edmonds,  with  the  assistance  of 
Messrs.  Wallis,  Goldsmith,  and  Ennis.  The  mean  annual  values  of  the 
magnetic  elements  as  deduced  from  the  magnetograms  for  all  days  at  the 
Watheroo  Magnetic  Observatory  for  the  years  1923  and  1924,  respectively, 
are  as  follows:  Declination,  4°  19(5  and  4°  18 '3  west;  horizontal  intensity, 
0.24777  and  0.24750  c.  g.  s.  unit;  vertical  intensity,  -0.50914  and  -0.50941 
c.  g.  s.  unit;  and  inclination,  64°  03 '0  and  64°  05 '2  south.  Preliminary  reduc- 
tions of  base-lines,  scale-values,  and  temperature  coefficients  for  the  year 
1924  were  made  by  Mr.  Fleming  for  the  Huancayo  magnetograms.  Pre- 
liminary compilations  of  the  atmospheric-electric  results  at  Huancayo  for 
the  year  1924  were  also  made  by  Messrs.  Fleming  and  Ennis. 

A  special  form  was  prepared  and  the  final  tabulations  of  the  mean  hourly 
values  of  the  3  magnetic  elements  for  each  day  during  the  6  years  1919  to 
1924  were  tabulated  by  Mr.  Goldsmith  on  a  special  tabulating  machine  so 
that  these  tables  may  be  reproduced  directly  in  the  publication  covering  the 
results,  thus  eliminating  proof-reading  and  chance  of  error,  and  reducing 
materially  the  cost  of  publication. 

Messrs.  Duvall  and  Ennis  developed  a  graphical  method  of  computing 
diurnal  variations  by  differential  formula  (see  p.  211),  by  which  the  labor 
required  for  determining  diurnal  variations  in  inclination,  north-south  and 
east-west  intensity-components,  and  total  intensity  from  the  observed  data 
for  declination,  horizontal  intensity,  and  vertical  intensity  is  much  reduced 
and  simplified  without  loss  of  accuracy. 


Classification  of  work. — The  distribution  of  the  time  of  the  shop  personnel 
was  about  as  follows:  New  instruments,  one-fourth;  experimental  apparatus, 
one-fourth;  improvements  and  repairs  to  field  and  observatory  instruments, 
one-eighth;  balance  of  the  time  on  building  repairs  and  improvements,  on 
stock  parts  for  observatory,  shop,  and  field  use,  on  drawings,  and  on  mis- 
cellaneous and  special  work. 

New  work. — The  new  work  completed  during  the  year  included  the  fol- 
lowing: Three  special  sulphur-insulated  collector  supports  for  the  Apia 
Observatory;  earth-inductor  attachments  for  theodolite-magnetometers  12, 

1  From  the  report  of  the  shop  foreman,  C.  Huff. 
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13,  16,  17,  and  18,  this  modification  making  these  instruments  the  equivalent 
of  magnetometer-inductors;  special  signal-intensity  apparatus  C.  I.  W.  1; 
2  special  switchboards  for  Watheroo  and  Huancayo  observatories;  special 
attachments  and  modifications  of  multiple-point  recorders  for  earth-current 
installations;  18  special  glass  scales  for  reading  magnetograms  and  electro- 
grams. A  300-volt  storage  battery  was  installed  in  the  Experiment  Building, 
and  two  250-volt  generators  with  special  switchboard  were  installed  in  the 
generator  room  of  the  Laboratory.  A  considerable  amount  of  miscellaneous 
and  special  atmospheric-electric  equipment  including  amber  insulators, 
thermo-couples,  condenser  mountings,  etc.,  were  made.  New  work  in  con- 
struction on  June  30,  1925,  included  standard  observatory  conductivity 
electrograph  8  and  standard  observatory  potential-gradient  electrographs 
6,  7,  8,  and  9. 

Experimental  work. — The  experimental  work  included:  (1)  A  large  amount 
of  apparatus  for  the  Heaviside-layer  investigation  including  receiving  sets, 
special  oscillators  and  tuners,  erection  of  experimental  antennas,  and  special 
devices  for  use  in  photographically  recording  wave-form  of  signals;  (2) 
design  and  construction  of  special  oscillators  and  condensers  in  shielded 
cases,  special  framework  for  accurately  handling  samples  under  test,  and 
miscellaneous  testing  and  checking  apparatus  for  the  investigation  on  the 
resonance  properties  of  iron;  (3)  special  Helmholtz  coils,  prism  and  lens 
mountings,  and  high-frequency  oscillators  for  the  experimental  work  on 
resonance  radiation. 

Improvements  and  repairs. — Repairs  were  made  as  required  to  the  labora- 
tory equipment  and  field  instruments.  Improvements  made  in  the  main 
building  included  the  completion  of  the  new  oak  library  stacks  and  lighting 
system,  and  installation  of  special  cases  for  storage  of  instruments  and 
supplies. 

Miscellaneous. — Some  time  was  devoted  to  the  preparation  and  installa- 
tion of  the  exhibit  at  the  Administration  Building  of  the  Institution  in  De- 
cember 1924  and  in  the  maintenance  of  the  magnetograph  and  electrograph 
exhibits  at  the  building  of  the  National  Academy  of  Sciences,  including  the 
addition  of  a  dip-circle  exhibit.  The  equipment,  appurtenances,  and  sup- 
plies were  made  ready  and  prepared  for  shipment  as  necessary  for  the  current 
work  of  the  Watheroo,  Huancayo,  and  Apia  observatories,  for  the  special 
eclipse  observatory  at  Greenport,  and  for  the  field  parties.  Drawings  were 
made  for  the  use  of  the  Institution's  Committee  on  Exhibits  to  show  the 
electric  wiring  and  capacity  of  lines  at  the  Administration  Building.  Routine 
matters  were  looked  after,  including  charging  of  storage  batteries,  electric 
wiring  for  the  experimental  work,  and  maintenance  and  repair  of  buildings 
including  the  re-roofing  of  the  deck  of  the  Laboratory. 

MISCELLANEOUS  ACTIVITIES. 

National  and  international  unions  and  commissions. — Dr.  Bauer,  as  one  of 
the  four  official  delegates  of  the  United  States,  attended  the  meeting  of  the 
International  Geodetic  and  Geophysical  Union  held  at  Madrid,  Spain, 
during  October  1-8,  paying  particular  attention  to  sessions  of  the  Section  of 
Terrestrial  Magnetism  and  Electricity.    He  was  reelected  Secretary  and 
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Director  of  the  Central  Bureau  of  the  Section.  The  staff  of  the  Department 
collaborated  in  preparing  a  series  of  communications  and  reports  com- 
menting in  detail  on  questions  of  the  Agenda  and  giving  particulars  regarding 
the  Department's  survey  and  observatory  operations  since  the  reports 
submitted  at  the  Rome  meeting  of  the  Union  in  May  1922.  Dr.  Bauer 
presented  these  at  Madrid,  together  with  similar  communications  of  the 
U.  S.  Coast  and  Geodetic  Survey.  Mr.  Harradon,  during  his  period  of 
furlough,  served  the  International  Section  at  Madrid  as  translator  and 
stenographer,  and  in  this  capacity  virtually  performed  the  duties  of 
assistant  secretary.  A  bibliography  of  publications  of  the  Department 
relating  to  oceanographic  work  was  prepared  at  the  request  of  Professor  G. 
Magrini,  Secretary,  for  the  use  of  the  Central  Bureau  of  the  International 
Section  of  Oceanography.  A  brief  memorandum  of  the  oceanographic 
work  of  the  Department  since  the  Rome  Meeting  was  prepared  for  submis- 
sion by  the  Institution  with  the  accounts  of  its  other  oceanographic  opera- 
tions for  the  information  of  the  International  Section  of  Oceanography  at 
the  Madrid  Meeting. 

Messrs.  Bauer,  Mauchly,  and  Breit,  as  members  of  the  American  section 
of  the  International  Union  of  Scientific  Radiotelegraphy,  took  active  part  in 
its  work  during  the  year.  Dr.  Breit  is  chairman  of  the  Technical  Committee 
of  the  Union  on  Variation  of  Radio  Wave  Direction;  Dr.  Bauer  and  Dr. 
Mauchly  are  members  of  the  Committee  on  Atmospheric-Electric  Disturb- 
ances; and  Dr.  Mauchly  is  also  a  member  of  the  Committee  on  Radio  Wave 
Transmission. 

The  tabulations  of  magnetic  character-numbers  of  days  for  the  magneto- 
grams  obtained  at  the  Watheroo  and  Huancayo  observatories  were  prepared 
and  forwarded  regularly  to  Dr.  Van  Dijk  for  publication  by  the  Commission 
for  Terrestrial  Magnetism  and  Atmospheric  Electricity  of  the  International 
Meteorological  Committee. 

Messrs.  Bauer  and  Mauchly  were  delegates,  respectively,  of  the  Carnegie 
Institution  of  Washington  and  of  the  Philosophical  Society  of  Washington  to 
the  International  Mathematical  Congress  held  in  August  at  Toronto. 

Information  was  supplied  on  special  topics  by  various  members  of  the 
Department  to  the  National  Research  Council.  Dr.  Bauer  continued  to 
serve  as  a  member  of  the  Division  of  Foreign  Relations  of  the  Council. 

Members  of  the  staff  took  active  part  in  the  work  of  the  American  Geo- 
physical Union.  Mr.  0.  H.  Gish  was  elected  to  membership.  Dr.  Bauer  and 
Mr.  Peters,  respectively,  continued  as  chairman  of  the  Section  of  Terrestrial 
Magnetism  and  Electricity  and  as  vice-chairman  of  the  Section  of  Ocean- 
ography; Mr.  Fleming,  who  was  chairman  of  the  Committee  on  Meetings 
during  the  year,  was  elected  General  Secretary  of  the  Union  for  3  years, 
effective  from  July  1,  1925,  and  also  continues  as  secretary  of  the  Section  of 
Terrestrial  Magnetism  and  Electricity.  Those  of  the  staff  present  in  Wash- 
ington participated  in  the  annual  meetings  of  the  Union  held  April  30  and 
May  1,  particularly  in  the  symposium  and  discussion  by  the  Section  of 
Terrestrial  Magnetism  and  Electricity  on  the  magnetic  and  electrical  explora- 
tion of  the  upper  regions  of  the  atmosphere.  Abstracts  of  communications 
to  this  symposium,  submitted  by  Messrs.  Ault,  Bauer,  Breit,  and  Mauchly, 
acting  as  reporters  for  special  topics,  will  be  found  under  section  of  "Abstracts 
of  publications  and  investigations." 
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Staff  conferences. — The  biweekly  meetings  of  the  investigatory  staff  were 
continued  throughout  the  year;  these  conferences  covered  developments 
relative  to  the  Department's  activities,  to  current  work  and  progress  in  geo- 
physics, and  to  questions  concerned  with  the  meetings  and  agenda  of  national 
and  international  geophysical  bodies.  Special  lectures  were  given  occasionally 
at  these  meetings,  among  which  may  be  mentioned  "Some  cosmological  con- 
sequences of  the  finite  universe"  by  Dr.  L.  Silberstein;  "Short  wave-length 
evidence  concerning  the  Heaviside  layer"  by  Dr.  E.  0.  Hulburt  of  the  U.  S. 
Naval  Research  Laboratory;  "Methods  and  devices  to  facilitate  reductions 
and  tabulations  of  observatory  data"  by  Mr.  F.  Neumann  of  the  U.  S.  Coast 
and  Geodetic  Survey;  "Experiments  in  radio  transmission  and  reception" 
by  Mr.  Greenleaf  W.  Pickard,  consulting  engineer  of  the  General  Electric 
and  the  American  Telephone  and  Telegraph  Companies;  "Magnetic  work 
of  the  Meteorological  Service  of  Canada"  by  Mr.  W.  E.  W.  Jackson  of  that 
Service.  Upon  invitation,  members  of  other  organizations,  including 
particularly  the  U.  S.  Bureau  of  Standards  and  the  U.  S.  Coast  and  Geodetic 
Survey,  and  visiting  scientists  interested  in  geophysics,  took  part  in  those 
conferences  and  discussions. 

The  bulletin  regarding  personnel,  observatory  work,  field  operations,  and 
other  items  of  interest  was  issued  monthly  throughout  the  year  to  all  members 
of  the  staff.  It  has  proved  helpful  and  stimulating,  particularly  to  those 
absent  in  the  field  and  at  observatories. 

Since  March  18,  1925,  an  evening  colloquium  on  atomic  physics  was  held 
weekly  in  the  library  at  the  Laboratory.  Besides  personnel  of  the  Depart- 
ment, these  meetings  were  attended  by  members  of  staff  from  the  Bureau  of 
Standards,  the  Geophysical  Laboratory,  the  Naval  Research  Laboratory, 
the  Fixed  Nitrogen  Research  Laboratory,  and  Johns  Hopkins  University; 
the  average  attendance,  from  15  to  18,  indicates  the  interest  taken.  At  the 
meeting  April  17,  Dr.  R.  A.  Millikan  gave  an  account  of  some  of  his  recent 
work  in  spectroscopy  on  two-electron  jumps  and  radiations. 

Exhibits. — Exhibits  in  which  the  Department  took  part  during  the  year 
included  the  annual  exhibit  of  December  1924  at  the  Administration  Building 
of  the  Institution  and  an  exhibit  of  atmospheric-electric  apparatus  at  the 
Toronto  meeting  of  the  British  Association  for  the  Advancement  of  Science 
in  August  1924.  The  magnetograph  and  electrograph  exhibits  were  con- 
tinued and  maintained  at  the  building  of  the  National  Academy  of  Sciences 
and  of  the  National  Research  Council,  and,  upon  the  request  of  the  joint 
Committee  on  Exhibits  of  the  Academy  and  Council,  an  additional  dip- 
circle  exhibit  was  prepared  and  mounted. 

Messrs.  Fleming  and  Ault,  the  latter  from  January,  served  as  members  of 
the  special  Committee  on  Exhibits  of  the  Institution,  appointed  by  President 
Merriam,  under  the  chairmanship  of  Dr.  F.  E.  Wright. 

Library  work. — The  total  number  of  accessioned  publications  in  the  library 
June  30,  1925,  was  over  13,750.  The  revised  and  expanded  classification 
system  (see  p.  167  of  last  year's  report)  was  used  for  the  new  accessions,  and 
excellent  progress  was  made  in  the  application  of  this  scheme  to  the  publica- 
tions in  the  library.  Nearly  all  of  the  bound  volumes  and  over  one-half  of 
the  vast  pamphlet  material  have  been  reclassified  and  rearranged  in  ac- 
cordance therewith.  All  articles  of  special  interest  to  the  Department  appear- 
ing in  current  scientific  periodicals  (of  which  almost  90  are  being  regularly 
received)  were  carded  and  classified  according  to  the  revised  system. 
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List  of  publications  dealing  with  subjects  pertaining  to  terrestrial  and 
cosmical  physics  and  electricity  were  regularly  prepared  and  published  in 
the  Journal  of  Terrestrial  Magnetism  and  Atmospheric  Electricity  (see  pp. 
210  and  215).  Considerable  attention  was  given  also  the  editing  of  articles, 
preparation  of  notes,  and  translations. 

From  October  1  to  8,  1924,  the  librarian,  H.  D.  Harradon,  attended  the 
meetings  of  the  Section  of  Terrestrial  Magnetism  and  Electricity  of  the 
International  Geodetic  and  Geophysical  Union  at  Madrid,  Spain,  giving 
assistance  chiefly  as  translator  and  stenographer.  He  also  prepared  for 
publication  the  French  version  of  the  Madrid  resolutions  published  in  Bulle- 
tin 4  of  the  Section.  Mr.  F.  E.  Brasch  remained  in  charge  of  the  library 
to  October  31,  1924,  Mr.  Harradon  resuming  his  duties  as  librarian  on  No- 
vember 1.  Mr.  Brasch  continued  in  the  library,  assisting  in  the  inaugura- 
tion of  the  new  classification  system  until  December  31,  when  he  became 
assistant  in  charge  of  the  Smithsonian  Section  of  the  Library  of  Congress. 

ABSTRACTS  OF  PUBLICATIONS  AND  INVESTIGATIONS. 

Note  on  a  preliminary  discussion  of  the  magnetic  observations  made  by  the  National 
Observatory  of  Mexico  during  the  total  solar  eclipse  of  September  10,  1923. 
J.  P.  Ault.     Terr.  Mag.,  vol.  29,  104  (September  1924). 

Methods  and  means  for  the  magnetic  exploration  of  the  upper  atmosphere.1  J.  P.  Ault. 
Bull.  National  Research  Council,  vol.  10,  66-67  (July  1925). 

The  magnetic  exploration  of  the  upper  atmosphere  has  been  a  recognized 
problem  for  many  years,  and  its  solution  has  become  increasingly  important 
with  the  rapid  development  of  radio  communication  and  the  study  of  atmos- 
pheric electricity.  Theoretical  considerations  indicate  that  the  changes  in 
the  absolute  values  of  the  magnetic  elements  with  change  in  altitude  are 
small.  To  obtain  information  of  any  value  for  theoretical  studies  will  call 
for  instruments  of  high  precision  because  of  the  smallness  of  the  changes  in  the 
magnetic  elements  and  in  their  variations  to  be  expected  with  changes  in  alti- 
tude attainable  with  present  methods  of  aerial  exploration.  Such  measure- 
ments must  be  controlled  also  by  simultaneous  observations  at  the  Earth's 
surface.  Present  instrumental  equipment  could  be  modified  for  use  on  diri- 
gibles and  would  give  results  sufficiently  accurate  for  practical  navigational 
purposes.  For  more  accurate  results  the  most  promising  instrumental 
development  would  appear  to  be  in  the  design  of  apparatus  using  electrical 
methods,  with  rotating  coils  and  with  galvanometers  arranged  for  photo- 
graphic registration.  Some  progress  may  be  expected  by  observations  con- 
tinuing over  a  long  period  and  the  discussion  of  second  differences  in  the 
magnetic  variations  for  land  stations  situated  not  far  apart  but  at  greatly 
different  altitudes. 

Phases  of  work  of  the  Carnegie  Institution  of  Washington  which  concern  the  Section  of 
Oceanography.2  J.  P.  Ault.  Bull.  National  Research  Council,  vol.  10, 
75-77  (July  1925). 

This  communication  presents  a  brief  review  of  the  activities  and  publica- 
tions of  the  Carnegie  Institution  of  Washington  relating  to  oceanographic 
investigations  and  observations,  including  particularly  those  in  marine 
biology  at  the  Tortugas  Laboratory,  in  deep-sea  soundings  stimulated  by  the 

1  Presented  at  the  annual  meeting  of  the  Section  of  Terrestrial  Magnetism  and  Electricity  of 
the  American  Geophysical  Union,  Washington,  April  30,  1925. 

2  Presented  at  the  annual  meeting  of  the  Section  of  Oceanography  of  the  American  Geophysical 
Union,  Washington,  April  30,  1925. 


DEPARTMENT   OF   TERRESTRIAL   MAGNETISM.  201 

Advisory  Committee  in  Seismology,  and  in  the  ocean-survey  work  of  the 
Department  of  Terrestrial  Magnetism.  An  account  was  given  of  two  tenta- 
tively proposed  world  cruises  of  the  Carnegie,  the  plans  for  which  contemplate, 
in  addition  to  the  magnetic  and  atmospheric-electric  work,  investigations  of 
earth-currents,  gravity,  radio  communication,  and  deep-sea  sounding. 

Surveying  the  oceans  with  the  nonmagnetic  yacht  Carnegie.      J.  P.  Ault.     Sci.  Amer.,  vol. 
133,  46-47  (July  1925). 

This  article  gives  a  descriptive  and  illustrated  account  of  the  Carnegie 
and  her  work  during  1909  to  1921. 

Magnetic  results  obtained  aboard  the  Carnegie,  1915-1921.     J.  P.  Ault. 

This  report  is  now  in  press  as  a  part  of  Volume  V  of  the  Researches  of  the 
Department  of  Terrestrial  Magnetism.  It  gives  synopses  of  cruises  IV,  V,  and 
VI  made  during  1915  to  1921,  with  accounts  of  the  magnetic  instruments 
used,  their  constants  and  corrections,  specimens  of  observations  and  com- 
putations, and  reduction  formula.  The  final  results  of  the  magnetic  observa- 
tions for  the  various  cruises  are  tabulated  according  to  oceans.  The  results 
of  the  shore  magnetic  observations  and  descriptions  of  the  shore  stations 
occupied  by  the  Carnegie's  party  during  1915  to  1921  are  given  in  detail. 
The  development  of  the  observational  methods  and  instruments  are  indi- 
cated by  extracts  from  the  instructions  for  the  several  cruises  and  from  field 
reports.  Abstracts  of  the  logs  and  summaries  for  each  passage  give  details 
for  each  noon  position,  daily  runs,  and  meteorological  and  current  observa- 
tions. 

The  report  is  concluded  with  some  discussions  of  the  ocean  magnetic 
work,   including:    (1)    Absence   of  magnetic   deviations   on  the   Carnegie, 

(2)  magnetic  chart-differences  as  shown  by  the  Carnegie  results,  1915-1921, 

(3)  preliminary  values  of  annual  changes  of  the  magnetic  elements  as  deter- 
mined from  the  Galilee  and  Carnegie  results,  1905-1921,  and  (4)  status  of  the 
general  magnetic  survey  of  ocean  areas,  including  (a)  maps  showing  distribu- 
tion of  ocean  magnetic  stations,  1905-1921,  and  (6)  requirements  for  future 
ocean  work. 

Navigation  of  aircraft  by  astronomical  methods.     J.  P.  Ault. 

This  is  a  special  report  now  in  press  as  a  part  of  Volume  V  of  the  Researches 
of  the  Department  of  Terrestrial  Magnetism,  and  gives  in  detail  the  develop- 
ment of  instruments  and  methods  for  navigating  aircraft  by  astronomical 
observations  resulting  from  experimental  work  carried  out  by  the  author 
in  1918  at  Langley  Field,  Virginia. 

While  the  natural  horizon  may  be  used  at  times  from  which  to  measure 
altitudes  of  celestial  bodies,  some  form  of  artificial  horizon  is  necessary.  A 
mirror  mounted  on  gimbal  supports  gave  fairly  good  results,  but  a  level- 
bubble  sextant  proved  more  convenient  and  accurate.  Various  pre-calcula- 
tion  methods  were  tried  and  a  method,  based  on  Aquino's  Tables,1  was 
perfected  and  used  to  do  all  the  work  of  observing,  computing,  and  plot- 
ting the  position-line  while  in  the  air;  a  special  protractor  and  a  new  chart- 
holder  and  navigator's  case  were  designed  and  constructed  to  facilitate  the 
rapid  plotting  of  the  position-line. 

If  only  one  celestial  object  is  available  for  observation,  then  to  determine 
completely  the  position  of  the  observer  the  azimuth  as  well  as  the  altitude 
must  be  measured.  The  experimental  work  of  determining  the  azimuth  of  a 
celestial  object  from  a  moving  airplane  gave  very  promising  results,  but  the 
work  was  interrupted  before  completion. 

1  Altitude  and  Azimuth  Tables,  1910,  by  Lieutenant  Radler  de  Aquino,  Brazilian  Navy;  pub- 
lished also  by  the  United  States  Hydrographic  Office,  Pub.  No.  200. 
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For  independent  navigation  of  aircraft,  all  work  to  be  done  in  the  air  and 
no  objects  visible  on  the  ground,  the  experiments,  as  far  as  they  were  carried 
out,  showed  that  a  position  could  be  determined  to  an  accuracy  of  ±  15  miles 
if  2  celestial  bodies  are  available.  Where  only  a  single  celestial  body  is 
available  and  where  both  altitude  and  azimuth  are  determined,  the  resulting 
position  may  be  in  error  from  30  to  60  miles.  These  figures  should  be  re- 
duced very  materially  with  more  refined  instruments  and  more  stable  air- 
planes. 

Proposed  magnetic  and  allied  observations  during  the  total  solar  eclipse  of  January  24, 
1925.  J.  P.  Ault  and  H.  W.  Fisk.  Terr.  Mag.,  vol.  29,  157-159  (December 
1924). 

This  article  indicated  proposed  magnetic,  atmospheric-electric,  and  meteor- 
ological observations  to  be  made  during  the  total  solar  eclipse  of  January 
24,  1925.  In  addition  to  details  regarding  the  desiderata,  general  circum- 
stances of  the  eclipse  and  a  bibliography  of  references  are  given. 

Atmospheric-electric  results  obtained  aboard  the  Carnegie,  1915-1921.  J.  P.  Ault  and  S.  J. 
Mauchly. 

This  report,  prepared  for  Volume  V  of  the  Researches  of  the  Department 
of  Terrestrial  Magnetism  now  in  press,  presents  the  results  of  the  final  com- 
pilations of  the  atmospheric-electric  observations  made  on  the  Carnegie  from 
1915  to  1921  during  cruises  IV,  V,  and  VI.  The  preliminary  results  for  part 
of  Cruise  IV,  already  published  in  Volume  III  of  the  Researches,  are  super- 
seded in  this  report  by  revised  values  depending  upon  the  final  constants  for 
the  instrumental  equipment. 

The  final  tabulation  of  the  atmospheric-electric  results  obtained  follows 
outlines  of  observations  on  the  several  cruises  and  descriptions  of  instruments, 
observational  procedure,  and  the  determination  and  compilation  of  con- 
stants. The  report  is  concluded  by  extracts  from  instructions  for  the  atmos- 
pheric-electric work  and  from  observers'  reports;  these  extracts  summarize 
the  developments  as  regards  instrumental  equipment  and  observational 
procedure. 

Report  on  magnetic  and  electric  observations  by  the  Carnegie  Institution  of  Washington  in 
connection  with  the  total  solar  eclipse  of  January  24,  1925.  J.  P.  Ault,  S.  J. 
Mauchly,  and  R.  H.  Goddard. 

A  temporary  magnetic  and  electric  observatory  was  established  at  Green- 
port,  Long  Island,  by  the  Department  of  Terrestrial  Magnetism  in  order  to 
determine  any  possible  variations  in  the  Earth's  magnetic  and  electric  fields 
due  to  a  total  eclipse  of  the  sun.  Photographic  registrations  of  changes  in 
magnetic  declination,  horizontal  and  vertical  intensities,  and  in  the  electric 
potential-gradient  of  the  atmosphere  were  obtained  during  the  period  Jan- 
uary 12  to  February  5,  1925.  In  addition,  during  the  period  12h  to  17h 
G.  M.  T.  on  January  22  to  28  eye-readings  of  the  variations  in  the  electric 
potential-gradient,  positive  and  negative  conductivity,  and  positive  and 
negative  ionic  content  were  made. 

In  general,  the  eclipse  magnetic  effects,  as  far  as  can  be  determined  from 
a  preliminary  discussion,  agree  with  those  noted  during  previous  eclipses. 
Unfortunately,  January  24  was  somewhat  disturbed  magnetically.  The 
eclipse  electric  effects  were  of  the  same  nature  as  noted  during  previous 
eclipses,  but  were  smaller  and  showed  some  irregularities. 

The  mathematical  analysis  of  the  Earth's  magnetic  field.1     Louis  A.  Bauer.     Abstracts, 
Internat.  Math.  Cong.  Toronto,  August  1924,  28-29. 
A  brief  account  was  given  of  the  mathematical  analysis  of  the  Earth's 
magnetic  and  electric  fields  under  way  by  the  Department  of  Terrestrial 

1  Presented  at  Toronto  meeting  of  International  Mathematical  Congress,  August  16,  1924. 
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Magnetism,  as  based  on  homogeneous  and  reliable  data  obtained  chiefly  by 
the  Department  since  1905  and  supplemented  effectively  by  various  cooperat- 
ing countries.  Additional  observations  in  the  polar  regions  will  be  needed 
for  the  final  solution  of  some  of  the  outstanding  questions  of  theory.  This 
analysis  is  being  made  with  strict  regard  to  the  refinements  which  enter  into 
the  spherical  harmonic  series  by  taking  into  account  the  actual  shape  of  the 
Earth  and  the  latest  developments  resulting  from  the  theory  of  relativity. 

The  preliminary  results  indicate  the  need  of  making  the  analysis  at  the 
start  as  free,  as  possible,  from  any  hypothesis  as  to  the  physical  cause  or 
causes  of  any  constituent  portions  of  the  magnetic  or  electric  field  to  be 
studied.  In  brief,  the  numerical  coefficients  first  obtained  are  strictly  the 
product  of  the  mathematical  analysis  as  applied  to  the  observed  data.  Any- 
one is  thus  enabled  to  start  with  the  so-called  "fundamental  magnetic  or 
electric  constants"  of  the  Earth  and  make  any  further  attempt  he  may 
desire  at  a  physical  analysis,  or  physical  interpretation,  in  the  light  of  the 
most  modern  developments  of  theory  and  experiment. 

Theoretical  changes  of  the  magnetic  elements  with  altitude.1     Louis  A.  Bauer.     Bull. 
National  Research  Council,  vol.  10,  64-65  (July  1925). 

This  paper  gives  a  brief  mathematical  treatment  of  the  theoretical  changes 
of  the  magnetic  elements  with  altitude,  confining  attention  to  that  portion, 
about  94  per  cent  for  1922,  of  the  Earth's  magnetic  field  which  may  be  ex- 
pressed by  a  potential  due  to  a  system  of  magnetic  and  electric  forces  below 
the  Earth's  crust.  The  theoretical  variation  of  any  intensity  component 
seems  to  be  of  an  order  that  could  be  detected  with  present  experimental 
means  at  an  altitude  of  5  kilometers.  Just  what  the  effect  on  the  magnetic 
elements  with  height  is  for  the  other  portions  of  the  magnetic  field,  the 
external  potential  and  the  non-potential  which  together  total  about  6  per 
cent,  can  not  be  definitely  stated. 

Correlations  between  solar  activity  and  atmospheric  electricity.     Louis  A.  Bauer.     Terr. 
Mag.,  vol.  29,  23-32,  161-186  (March  and  December  1924). 

An  abstract  of  the  first  part  of  this  article  was  given  on  page  173  of  the 
Annual  Report  for  1924.  In  the  concluding  part,  published  in  December 
1924,  the  chief  conclusions  which  apparently  may  be  drawn  from  a  discussion 
of  available  atmospheric-electric  data  for  electrically  undisturbed  day  during 
the  past  seven  sunspot  cycles  (1843-1922)  are  as  follows: 

(a)  The  probability  is  high  that  the  atmospheric  potential-gradient  and 
its  diurnal  and  annual  ranges,  as  also  the  air-earth  current,  are  subject  to 
sunspot  influence.  Whether  the  electric  conductivity  of  the  atmosphere  is 
similarly  subject  to  extra-terrestrial  influences,  can  not  be  definitely  stated 
as  yet,  owing  to  meagerness  of  available  data. 

(b)  The  effect  of  the  sunspot  influence  on  the  potential  gradient  and  its 
diurnal  and  annual  ranges  is  approximately  3  per  cent  of  the  quantity  con- 
sidered for  a  change  of  10  in  the  sunspot  numbers.  Accordingly,  for  an 
average  change  of  90  in  the  sunspot  number,  between  minimum  and  maxi- 
mum sunspottedness,  the  changes  in  the  potential  gradient  and  its  diurnal 
and  annual  ranges  may  be  about  30  per  cent. 

(c)  During  5  of  the  past  7  sunspot  cycles  the  potential  gradient  and 
ranges  of  its  variations  generally  increased  with  increasing  sunspottedness. 
For  the  remaining  2  sunspot  cycles,  the  potential  gradient  and  ranges  of  its 
variations  apparently  decreased  with  increasing  sunspot  activity.  (At 
the  time,  1893,  of  most  significant  diminution  in  the  atmospheric-electric 

1  Presented  at  the  annual  meeting  of  the  Section  of  Terrestrial  Magnetism  and  Electricity  of 
the  American  Geophysical  Union,  Washington,  April  30,  1925. 
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quantities,  when  sunspottedness  was  a  maximum,  there  was  also  a  notable 
diminution  in  the  measures  of  terrestrial  magnetic  activity.) 

(d)  The  annual  mean  diurnal  and  annual  ranges  of  the  atmospheric  poten- 
tial-gradient vary  from  year  to  year  in  a  manner  closely  parallel  with  the 
annual  mean  potential-gradient  itself. 

(e)  The  coefficient,  which  expresses  the  numerical  relationship  between  sun- 
spottedness and  changes  in  atmospheric  potential-gradient  and  its  diurnal 
and  annual  ranges,  varies  during  the  year  and  from  sunspot  cycle  to  sun- 
spot  cycle  in  the  same  general  manner  as  does  the  coefficient  giving  the 
numerical  relationship  between  sunspottedness  and  changes  in  measures  of 
activity  of  terrestrial  magnetism. 

(/)  Atmospheric-electric  activity,  as  in  the  case  of  terrestrial  magnetism, 
earth-currents,  polar  lights,  and  the  "Earth  effect"  on  solar  activity,  is 
subject  to  a  double  periodicity  during  the  year:  the  maximum  activity  occurs 
near  the  equinoctial  months  and  the  minimum  near  the  solstitial  months. 
The  retardation,  in  general,  of  the  second  maximum  activity  from  September 
to  October  is  common  to  all  of  these  phenomena. 

Further  evidence  regarding  the  correlation  between  solar  activity  and  atmospheric  elec- 
tricity.1 Louis  A.  Bauer.  Nature,  vol.  115,  537-540  (April  11,  1925);  also 
Phys.  Rev.,  vol.  25,  253-254  (February  1925). 

No  index  of  the  Sun's  activity,  as  given  thus  far  by  solar  observations, 
is  apparently  a  complete  measure  of  the  radiations  or  emanations  which  are 
responsible  for  the  magnetic  phenomena  just  described.  Nor  do  the  solar 
measures  in  themselves,  or  for  that  matter  the  magnetic  measures,  give  us  a 
definite  indication  of  the  sign  of  the  electrically  charged  particles  which 
may  be  shot  out  by  the  Sun  during  periods  of  intense  activity.  The  desira- 
bility is  thus  seen  of  finding  some  other  geophysical  element  which  may  be 
affected  in  such  a  manner  by  solar  changes  as  to  supplement  effectively  the 
knowledge  gained  from  magnetic  effects  and  polar  lights;  that  element  may 
be  atmospheric  electricity. 

The  conclusions  drawn  for  the  period  1901-1923  are: 

(a)  The  atmospheric  potential-gradient  and  its  diurnal  and  annual  ranges 
show  a  high  degree  of  correlation  with  the  sunspot  curve,  increasing  at- 
mospheric-electric quantity  in  each  case  corresponding  with  increasing  sun- 
spottedness for  both  cycles; 

(6)  The  combined  measure  of  activity  as  obtained  from  observations  of  the 
atmospheric  potential-gradient  and  its  diurnal  and  annual  variations  at 
several  stations  may  show  as  high  a  degree  of  correlation  with  sunspottedness 
as  measures  of  terrestrial  magnetic  activity; 

(c)  The  annual  means  of  the  atmospheric  potential-gradient,  of  its  diurnal 
range,  and  of  its  annual  range  follow  closely  parallel  courses  from  year  to 
year.  [Conclusion  (c)  has  been  found  to  hold  generally  for  the  various 
cycles  investigated.] 

It  is  further  found  that  terrestrial  magnetism  and  fine-weather  atmospheric 
electricity  are  more  closely  associated  than  has  heretofore  been  thought  to 
be  the  case.  Besides  being  subject  to  diurnal  change,  they  both  show  similar 
fluctuations  from  year  to  year  and  from  month  to  month.  Whether  at- 
mospheric electricity,  like  terrestrial  magnetism,  is  subject  to  a  still  longer 
cycle  of  changes  than  that  of  the  sunspot  cycle,  seems  not  unlikely,  and  is 
the  subject  of  further  inquiry. 

1  Presented  before  the  joint  meeting  of  the  American  Physical  Society,  the  American  Astro- 
nomical Society,  and  Section  B  (Physics)  and  D  (Astronomy)  of  the  American  Association  for 
the  Advancement  of  Science,  Washington,  D.  C,  December  30,  1924. 
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Regarding  atmospheric  electricity  and  its  relation  with  solar  activity.     Louis  A.  Bauer. 
Terr.  Mag.,  vol.  30,  17-23  (March  1925). 

This  article  contains  brief  discussions  of  additional  points  of  interest 
respecting  the  correlation  between  solar  activity  and  atmospheric  electricity. 
On  page  18  are  given  the  results,  as  derived  by  Messrs.  Peters  and  Ennis, 
from  the  Potsdam  potential-gradient  measurements,  P,  with  the  aid  of  a 
method  which  minimizes  the  effect  of  uncontrolled  changes  during  the  war 
period  in  the  reduction-factor;  it  is  found  by  this  method  that  the  Potsdam 
observations  of  1913-1922  give  a  value  of  s  (the  percentage  effect  on  P  of  an 
increase  of  one  in  the  sunspot  number)  equal  to  +0.3  per  cent,  this  value 
being  in  good  accord  with  the  results  derived  from  other  stations. 

It  is  again  pointed  out  that  the  available  results  from  conductivity  obser- 
vations are  not  yet  sufficiently  extensive  to  warrant  drawing  any  definite 
conclusion  whether  this  electric  element  varies  appreciably  during  a  sun- 
spot  cycle. 

The  question  as  to  whether  the  sunspot  influence  on  the  atmospheric 
potential-gradient  is  a  direct  or  an  indirect  one,  and  whether  the  sunspot 
influence  produces  a  percentage  change,  or  an  absolute  change,  are  left  for 
future  settlement. 

Sunspot  and  annual  variations  of  atmospheric  electricity  with  special  reference  to  the 
Carnegie  observations,  1915-1921.     Louis  A.  Bauer. 

This  report  is  now  in  press  as  a  part  of  Volume  V  of  the  Researches  of  the 
Department  of  Terrestrial  Magnetism.  The  topics  treated  are  (1)  sunspot 
variation  of  atmospheric  electricity  and  (2)  annual  variation  of  atmospheric 
potential-gradient.  The  treatment  under  (1)  includes  the  following  sec- 
tions: Sunspottedness  and  atmospheric  potential-gradient;  sunspottedness 
and  diurnal  variation  of  atmospheric  potential-gradient;  sunspottedness 
and  annual  variation  of  atmospheric  potential-gradient;  sunspot  variation 
of  atmospheric  potential-gradient  observed  on  the  Carnegie,  1915-1921; 
sunspot  variation  of  diurnal  variation  of  atmospheric  potential-gradient 
observed  on  the  Carnegie,  1915-1921 ;  regarding  secular  variation  of  the  atmos- 
pheric potential-gradient;  sunspottedness,  conductivity,  and  air-currents; 
general  conclusions  regarding  sunspottedness  and  atmospheric  potential- 
gradient  for  1913-1922.  The  treatment  under  (2)  includes  discussions  of 
land  observations  and  ocean  observations. 

The  general  conclusion  with  regard  to  the  sunspot  variation  of  atmospheric 
electricity  is  to  indicate  with  a  high  degree  of  probability  that  during  the 
cycle  of  1913-1922  the  atmospheric  potential-gradient  increased  with  increas- 
ing sunspottedness  by  at  least  20  per  cent  of  its  mean  value  for  the  cycle 
between  the  years  of  minimum  and  maximum  sunspottedness.  The  same 
statement  applies  with  regard  to  measures  of  the  diurnal  variation  and  of  the 
annual  variation  of  the  potential  gradient.  At  an  undisturbed  locality, 
where  the  value  of  the  potential  gradient  approximates  to  the  average  ocean 
value  of  about  130  v/m,  the  effect  of  sunspottedness  may  be  found  greater 
than  the  amount  stated.  The  results  from  the  ocean  observations  are  in 
good  agreement  with  those  deduced  from  the  data  at  observatories  in  western 
Europe. 

As  to  the  annual  variation,  the  results  obtained  are  summarized  in  the 
following  concluding  paragraphs: 

In  general  over  the  oceans  the  atmospheric  potential-gradient  is,  on  the 
average,  greater  during  the  period  October  to  March  than  during  the  period 
April  to  September,  when  the  Earth  is  farthest  away  from  the  Sun. 

Since  a  similar  general  conclusion  was  reached  from  the  land  observations, 
there  is  a  possibility  that  the  annual  variation  of  the  potential  gradient,  like 
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the  diurnal  variation,  may  have  to  be  ascribed  primarily  to  cosmic  causes. 
It  is  hoped  that  opportunity  will  be  afforded  to  obtain  further  evidence, 
both  on  land  and  at  sea,  on  these  matters  destined  to  be  of  high  importance 
in  the  theoretical  interpretation  of  the  phenomena  of  atmospheric  electricity. 

Terrestrial  magnetism  and  electricity  at  the  Madrid  meeting,  October  1924.  Louis  A. 
Bauer.  Terr.  Mag.,  vol.  29,  205-210  (December  1924);  also  Bull.  4,  Sect. 
Terr.  Mag.  and  Electr.,  Internat.  Geod.  Geophys.  Union,  1-10  (December 
1924). 

This  is  a  general  report  of  the  proceedings  of  the  meeting  of  the  Inter- 
national Section  of  Terrestrial  Magnetism  and  Electricity  which  was  held 
at  Madrid,  October  2-7,  1924.  Following  unanimous  request,  the  writer 
was  reelected  Secretary  of  the  Section  and  Director  of  the  Central  Bureau. 

Twenty-two  resolutions  were  passed  with  regard  to  methods  of  work  and 
recommended  locations  of  additional  observatories.  Resolution  14  referred 
particularly  to  the  work  of  the  Department  of  Terrestrial  Magnetism  and  was 
as  follows: 

"That  the  Section  desires  to  place  on  record  its  deep  appreciation  of  the 
valuable  magnetic  surveys  carried  out  by  the  Carnegie  Institution  of  Wash- 
ington. The  Section  is  of  opinion  that  the  present  satisfactory  condition 
of  world  magnetic  charts  is  chiefly  owing  to  the  energy  and  enterprise  of  the 
Carnegie  Institution  of  Washington,  and  hopes  that  in  the  future  the  work 
of  the  Institution  in  terrestrial  magnetism  and  electricity  will  be  as  full  and 
as  comprehensive  as  has  been  the  case  in  the  past." 

The  committees  recommended  by  the  Section  are  as  follows: 

(a)  International  Comparisons  of  Magnetic  Instruments; 

(6)  Magnetic  and  Electric  Characterization  of  Days; 

(c)  Terminology  in  Terrestrial  Magnetism  and  Electricity; 

(d)  Observatories,  Instruments,  and  Scheme  of  Operations  for  Observing 

Accurately   Times  of  Occurrence   of  Sudden  Commencements  of 
Magnetic  Storms. 
The  Executive  Committee  was  empowered  to  appoint  additional  com- 
mittees, as  may  be  found  necessary. 

Report  of  Madrid  meeting  of  International  Section  of  Terrestrial  Magnetism  and  Elec- 
tricity, October  1924.1  Louis  A.  Bauer.  Bull.  National  Research  Council, 
vol.  10,  19-20  (July  1925). 

Report  on  proceedings  of  the  Section  of  Terrestrial  Magnetism  and  Electricity  of  the 
International  Geodetic  and  Geophysical  Union  held  at  Madrid,  October 
1924.2    Louis  A.  Bauer.     J.  Wash.  Acad.  Sci.,  vol.  15,  214  (May  19,  1925). 

On  the  electrical  output  of  the  Sun.3    Louis  A.  Bauer. 

The  occurrence  of  magnetic  and  electric  storms  on  the  Earth,  in  association 
with  solar  outbursts  of  electrical  energy,  are  receiving  renewed  attention  from 
students  of  the  Earth's  magnetism  and  electricity  and  from  those  concerned 
with  the  causes  of  disturbances  in  telegraphic  and  wireless  transmission. 
It,  therefore,  becomes  a  matter  of  great  importance  to  derive  measures  of 
variations  in  the  electrical  output  of  the  Sun  by  means  of  correlated  geophys- 
ical changes,  which  may  supplement  effectively  measures  of  the  solar  physi- 
cist. The  author,  for  example,  has  found  that  the  percentage  effect  on 
measures  of  both  the  Earth's  magnetic  and  electric  activity  associated  with 

1  Presented  at  the  general  session  of  the  annual  meeting  of  the  American  Geophysical  Union, 
Washington,  May  1,  1925. 

2  Presented  for  the  author  by  W.  J.  Peters  before  the  Philosophical  Society  of  Washington, 
January  24,  1925. 

3  Presented  before  the  American  Philosophical  Society  at  Philadelphia,  April  24,  1925. 
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a  change,  let  us  say  of  10  in  the  so-called  relative  sunspot  numbers,  was 
smaller  during  the  recent  cycle  of  1913-1922  than  during  the  preceding  cycle 
of  1901-1912.  Yet  the  range,  or  difference,  in  sunspot  numbers  between 
minimum  and  maximum  was  102  during  the  former  cycle  and  but  61  for  the 
latter.  In  other  words,  though  the  Sun,  as  judged  by  the  larger  number  of 
sunspots,  was  apparently  very  much  more  active  during  the  recent  cycle 
than  during  the  preceding  one,  it  took  a  larger  change  in  the  sunspot  meas- 
ure to  produce  a  given  effect  on  the  Earth's  magnetic  and  electric  conditions 
than  was  the  case  for  the  earlier  cycle. 

It  is  hoped  that,  by  means  of  the  geophysical  measures  described,  the 
question  may  ultimately  be  solved  as  to  the  precise  character  or  sign  of  the 
electrically  charged  particles  shot  out  by  the  Sun  during  periods  of  violent 
activity.  No  astronomical  measure  of  solar  activity  has  thus  far  furnished 
the  necessary  information  on  this  important  question. 

Remarks  on  non-cyclic  changes  and  calm  days.     Louis  A.  Bauer.     Terr.  Mag.,  vol.  30,  78 
(June  1925). 

The  mean  values  of  results  from  the  selected  quiet  days  are  frequently 
termed  "normal"  values,  though,  as  a  matter  of  fact,  investigations  have 
repeatedly  shown  that  the  quiet  days  are  as  subject  to  a  special  kind  of 
disturbance,  though  to  be  sure  to  less  extent,  as  are  the  greatly  disturbed 
days.  Instead  of  the  quiet-day  values  representing  normal  conditions,  they 
should  be  looked  upon  as  representing  subnormal  conditions.  On  the  aver- 
age, about  65  to  70  per  cent  of  the  5  magnetically  quiet  days  per  month 
selected  at  the  De  Bilt  Observatory,  on  the  basis  of  characterization  lists 
received  from  the  cooperating  observatories,  are  the  days  of  minimum  range 
in  horizontal  intensity.  Sometimes  it  happens  that  a  magnetic-activity 
measure  based  on  the  assumption  that  the  quiet  days  represent  normal  con- 
ditions turns  out  negative,  and,  hence,  does  not  admit  of  physical  inter- 
pretation. 

Until  further  investigations  have  been  made  it  is  deemed  safer,  in  general, 
not  to  apply  non-cyclic  corrections  by  a  method  based  on  various  sup- 
positions, e.  g.,  progressive  linear  change  throughout  the  day,  but  we  are 
quite  ready  to  give  all  the  information  in  our  observatory  publications  which 
others  may  require  for  any  procedure  they  may  make  themselves  responsi- 
ble for.  Fortunately  in  terrestrial  magnetism  the  "non-cyclic"  correction, 
as  derived  from  differences  of  successive  midnight  values,  is,  in  general, 
small;  however,  the  case  is  entirely  different  in  atmospheric  electricity  where 
the  accidental  or  disturbing  features  may  play  a  predominant  part.  We  have 
repeatedly  determined  the  Fourier  coefficients  from  a  series  of  diurnal- 
variation  observations  extending  over  several  months,  or  over  several  years, 
and  have  invariably  found  that  the  differences  in  the  essential  quantities, 
computed  with  or  without  application  of  a  supposed  linear  non-cyclic  cor- 
rection, are  inconsequential  from  a  physical  standpoint. 

After  careful  consideration  of  all  questions  involved,  the  conclusion  was 
reached  some  time  ago  to  follow  in  our  observatory  publications  the  pro- 
cedure of  taking  mean  values  of  curve  measurements  for  a  60-minute  inter- 
val centering  at  the  half  hour  according  to  zonal  time,  and  taking  as  the  daily 
mean  the  mean  of  24  values  thus  derived.  This  procedure  makes  unnecessary 
deciding  whether  the  tabulations  shall  begin  at  0h  or  at  lh,  and  what  to  do 
with  two  values  (0h  and  24h)  for  the  same  day.  If  the  monthly  hourly  means 
are  derived  from  all  days  of  the  month,  or  from  10  to  15  least-disturbed 
days,  it  will  be  found  that  generally  these  monthly  hourly  values  contain,  if 
any,  but  a  trifling  effect  which  may  be  ascribed  to  a  true  non-cyclic  change. 
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Magnetic  observatories  of  the  Carnegie  Institution  of  Washington.1    Louis  A.  Bauer  and 
J.  A.  Fleming. 

This  communication  to  the  International  Geodetic  and  Geophysical 
Union  gave  a  general  account  of  the  magnetic  and  electric  observatory  work 
of  the  Department  of  Terrestrial  Magnetism  since  the  report  made  to  the 
Rome  meeting  of  the  Union  in  May  1922.  In  addition  to  the  work  at  the 
Watheroo,  Huancayo,  and  Apia  observatories  and  at  the  Standardizing 
Magnetic  Observatory  in  Washington,  a  temporary  magnetic  observatory 
was  maintained  during  October  1923  to  June  1924  at  Refuge  Harbor,  Green- 
land, in  cooperation  with  the  MacMillan  North  Greenland  Expedition. 
Observations  were  also  made  in  a  temporary  snow  observatory  during  the 
course  of  the  Amundsen  Arctic-Drift  Expedition.  The  report  was  accom- 
panied by  a  summary  of  the  final  monthly  mean  values  of  the  magnetic 
elements  at  the  Watheroo  Observatory  for  the  years  1919  to  1922. 

On  magnetic  standards  and  comparisons  of  the  Department  of  Terrestrial  Magnetism  of  the 
Carnegie  Institution  of  Washington.1     Louis  A.  Bauer  and  J.  A.  Fleming. 

This  communication  summarized  the  results  of  the  Department's  inter- 
comparisons  of  Magnetic  standards  at  10  magnetic  observatories  during 
1923  to  September  1924.  The  provisional  International  Magnetic  Standards 
adopted  by  the  Department  are  confirmed  by  these  results.  Announcement 
was  made  of  the  development  by  the  Department  of  designs  for  portable 
electromagnetic  instruments  to  determine  the  three  magnetic  elements  for 
use  in  observatory  intercomparisons  and  special  field  work. 

World  Magnetic  Survey.1    Louis  A.  Bauer  and  J.  A.  Fleming. 

This  report  communicated  to  the  International  Geodetic  and  Geophysical 
Union  the  great  activity  in  magnetic  surveys  since  the  report  presented  at 
the  Rome  meeting  in  May  1922,  giving  particular  attention  to  the  work 
accomplished  by  the  Department  and  cooperating  organizations.  The  land 
work  has  been  mainly  concerned  with  the  problem  of  secular  variation  and 
with  obtaining  at  the  same  time  additional  data  regarding  diurnal  variation 
in  all  3  elements  at  places  remote  from  observatories.  The  report  was  accom- 
panied by  a  chart  showing  the  regional  distribution  on  June  30,  1924,  of 
secular-variation  magnetic  data  obtained  at  C.  I.  W.  repeat  localities.  During 
the  four  5-year  periods  from  1905  to  1924  the  ratio  of  reoccupations  of  stations 
to  the  whole  number  of  localities  where  observations  were  made  increased 
from  0.05  to  0.50.  The  communication  was  concluded  with  a  statement  of 
the  requirements  of  future  land  work  and  of  the  fields  of  theoretical  investi- 
gation for  additional  magnetic  and  electric  work  over  the  oceans. 

Regarding  abruptly  beginning  magnetic  disturbances.     Louis  A.  Bauer  and  W.  J.  Peters. 
Terr.  Mag.,  vol.  30,  45-68  (June  1925). 

Several  recent  investigations  have  indicated  that  the  Earth's  magnetic 
field  has  an  appreciable  effect  on  the  electric  waves  used  in  wireless  telegraphy 
and  that  there  is  a  distinct  relationship  between  terrestrial  magnetic  dis- 
turbances and  certain  radio  phenomena.  In  view  of  these  facts  and  of  an 
action  taken  at  the  Madrid  meeting  of  the  International  Section  of  Terrestrial 
Magnetism  and  Electricity,  October  1924,  a  preliminary  investigation  was 
made  by  the  authors  regarding  the  outstanding  question  as  to  the  simultaneity 
or  non-simultaneity,  of  abruptly  beginning  magnetic  disturbances,  the  defi- 
nite settlement  of  which  is  likely  to  have  an  important  bearing  on  the  theory 
of  the  Earth's  magnetic  storms  and  their  connection  with  the  phenomena  of 

1  Report  prepared  for  the  meetings  of  the  Section  of  Terrestrial  Magnetism  and  Electricity  of 
the  International  Geodetic  and  Geophysical  Union  at  Madrid,  October  1924. 
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radiotelegraphy,  just  noted.     The  present  preliminary  communication  is  an 
extension  of  the  first  author's  investigations  of  1910. 
The  chief  conclusions  reached  are  as  follows: 

(a)  The  investigation  of  the  times  of  beginning  of  15  abrupt  magnetic 
disturbances,  which  occurred  during  a  period  of  high  sunspot  activity, 
1906-1908,  and  of  15  abrupt  disturbances  during  a  period  of  low  sunspot 
activity,  1922-1925,  shows  a  high  correlation  coefficient,  on  the  average 
about  0.75,  for  the  hypothesis  that  more  generally  an  abrupt  disturbance 
begins  in  low  magnetic  latitudes  and  progresses  toward  the  magnetic  poles. 
Whether  the  agencies  causing  the  disturbance,  for  example,  electrically 
charged  particles  emanating  from  the  Sun  chiefly  at  times  of  special  activity, 
are  made  to  travel,  under  the  combined  action  of  the  Earth's  magnetic  field 
and  of  the  supposed  conducting  layer,  spirally  around  the  Earth  and  with 
every  revolution  closer  to  the  magnetic  poles,  is  a  question  which  remains  to 
be  investigated.  In  accordance  with  the  ionic  theory  of  magnetic  disturb- 
ances, tentatively  developed  by  Bauer,'  the  deeper  the  charged  particles  are 
caused  by  the  inclination  of  the  Earth's  lines  of  magnetic  force  to  penetrate 
into  the  atmosphere,  the  less  their  speed  of  progression.  Possibly  we  may 
explain  in  this  manner  the  small  increases  in  time  of  beginning  of  abrupt 
disturbances  at  stations  in  high  magnetic  latitude,  as  compared  with  the 
times  at  stations  in  low  magnetic  latitudes. 

(b)  Such  evidence  as  could  be  obtained  from  the  data  at  the  observatories 
chiefly  considered  in  this  paper  shows  that  the  speed  of  progression  of  an 
abrupt  disturbance  around  the  Earth  may  be  1,000  kilometers  per  second, 
or  more.  The  average  speed  of  progression  in  magnetic  latitude,  from  the 
combined  testimony  of  the  30  disturbances,  would  be  about  100  kilometers 
per  second,  so  that  if  an  abrupt  disturbance  progressed  uninterruptedly  from 
the  magnetic  equator  to  the  magnetic  pole  it  would  take  about  1.8  minutes. 
There  may  also  be  cases  in  which  an  abrupt  disturbance  will  occur  everywhere 
simultaneously  in  so  far  as  can  be  determined  with  the  instrumental  appli- 
ances in  general  use. 

(c)  At  present  the  foregoing  ideas  are  regarded  chiefly  as  a  working  hy- 
pothesis to  be  tested  with  the  aid  of  additional  material,  which  may  be 
obtained  during  the  forthcoming  period  of  increased  solar  activity  at  widely 
distributed  stations  with  improved  appliances  for  determining  the  times  of 
beginning  of  abrupt  magnetic  disturbances.  One  of  the  chief  improvements 
may  be  effected  by  some  satisfactory  mechanical  means  of  securing  time- 
marks,  at  suitable  intervals,  on  the  actual  curves,  besides  the  usual  time- 
breaks  on  the  base-lines.  Thus  one  of  the  chief  sources  of  error,  the  overlap 
correction  and  its  variability,  may  be  eliminated. 

The  compass-variometer.     Louis  A.  Bauer,  W.  J.  Peters,  and  J.  A.  Fleming. 

This  communication,  one  of  the  special  reports  prepared  for  Volume  V  of 
the  Researches  of  the  Department  of  Terrestrial  Magnetism  now  in  press,  gives 
in  detail  an  illustrated  description  of  the  compass-variometer  designed  by 
the  Department  for  the  investigation  of  local  magnetic  disturbances,  the 
detection  of  effects  caused  by  hidden  magnetic  objects  or  materials,  and  for 
registering  magnetic-intensity  variations  with  high  precision.  The  detailed 
descriptions  of  the  4  types  of  this  instrument  developed  by  the  Department 
follow  mathematical  derivation  of  the  general  formula.  Examples  of  appli- 
cations of  the  different  models  of  the  compass-variometer  are  illustrated  by 
descriptions  of  (a)  survey  to  determine  the  magnetic  field  around  a  steel  ship 
and  (6)  field  use  for  the  study  of  the  Bermuda  magnetic  anomaly. 

1  Terr.  Mag.,  vol.  15,  122-126  (June  1910). 
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List  of  recent  publications.     F.  E.  Brasch.     Terr.  Mag.,  vol.  29, 130-138  (September  1924). 

A  bibliography  of  current  literature,  with  brief  notes  under  the  classifica- 
tions (A)  terrestrial  and  cosmical  magnetism,  (B)  terrestrial  and  cosmical 
electricity,  and  (C)  miscellaneous,  the  last  containing  references  to  subjects 
allied  to  those  under  (A)  and  (£). 

Regarding  polar  lights.1    G.  Breit. 

A  brief  note  suggesting  experimental  investigations  of  interest  in  the 
study  of  various  types  of  auroral  displays. 

On  a  method  of  calculating  the  resistance  of  coils  at  very  high  frequencies.  G.  Breit- 
J.  Optical  Soc.  Amer.,  vol.  10,  65-97  (January  1925). 

The  resistance  of  solenoids  is  treated  by  means  of  conformal  transforma- 
tions. A  solution  is  obtained  by  means  of  a  method  of  successive  approxima- 
tions and  the  relation  of  resistance  to  pitch  of  winding  is  worked  out. 

Note  on  the  theory  of  optical  dispersion.  G.  Breit.  J.  Wash.  Acad.  Sci.,  vol.  15,  34-39 
(January  19,  1925). 

The  classical  theory  of  optical  dispersion  is  developed  from  the  point  of 
view  of  Fourier  integrals  for  future  quantum  applications. 

Polarization  of  resonance  radiation  and  the  quantum  theory  of  dispersion.2  G.  Breit. 
Phys.  Rev.,  vol.  25,  242  (February  1925). 

It  is  pointed  out  that  phenomena  of  resonance  radiation  can  be  explained 
in  terms  of  virtual  oscillators,  and  since  phenomena  of  dispersion  in  the 
absorption  band  can  be  treated  in  terms  of  the  Rayleigh-Lorentz  theory  of 
interruptions  and  since  interruptions  are  capable  of  accounting  for  all  of  the 
spectral  width,  damping  probably  does  not  exist  at  all.  This  makes  the  oscil- 
lators entirely  virtual  since  they  do  not  radiate  energy. 

Polarization  of  resonance  radiation  in  weak  magnetic  fields.  G.  Breit.  J.  Optical  Soc. 
Amer.,  vol.  10,  439-452  (April  1925). 

The  polarization  of  resonance  radiation  in  weak  magnetic  fields  is  treated 
for  the  case  of  a  classical  isotropic  oscillator.  Relations  for  the  dependence 
of  polarization  on  field  and  the  position  of  maximum  angle  of  polarization 
on  the  field  are  worked  out.  The  results  agree  qualitatively  but  not  quanti- 
tatively with  experiment. 

The  dependence  of  radio  fading  on  modulation.3    G.  Breit.     Phys.  Rev.,  vol.  25,  589  (April 

1925). 

The  Heaviside  layer  is  shown  to  act  as  a  huge  interferometer  of  relatively 
high  resolving  power.  Different  interference  phenomena  are  shown  to  take 
place  for  wave-lengths  in  the  side  bands  of  the  same  modulated  signal. 
Pickard's  data  on  fading  of  neighboring  wave-lengths  are  used  to  estimate  the 
height  of  the  layer. 

On  the  supposed  conducting  layer  in  the  atmosphere  and  the  effect  of  the  Earth's  magnetic 
field  in  radiotelegraphy."  G.  Breit.  Bull.  National  Research  Council,  vol. 
10,  62-64  (July  1925). 

1  Report  prepared  for  the  meetings  of  the  Section  of  Terrestrial  Magnetism  and  Electricity  of 
the  International  Geodetic  and  Geophysical  Union  at  Madrid,  October  1924. 

2  Presented  at  the  me  eting  of  the  American  Physical  Society,  Washington,  December  30,  1924. 

3  Presented  at  the  meeting  of  the  American  Physical  Society,  New  York,  February  28,  1925. 

4  Presented  at  the  annual  meeting  of  the  Section  of  Terrestrial  Magnetism  and  Electricity  of  the 
American  Geophysical  Union,  Washington,  April  30,  1925. 
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The  inductance  and  resistance  of  a  coil  encircling  the  Earth.1  G.  Breit.  J.  Wash.  Acad. 
Sci.,  vol.  15,  217  (May  19,  1925.  ) 

It  has  been  suggested  by  Swann  that  one  may  be  able  to  learn  something 
about  the  electric  and  magnetic  properties  of  the  interior  of  the  Earth  by 
studying  the  electromotive  force  induced  in  a  loop  of  wire  encircling  the  Earth 
due  to  changes  in  a  current  maintained  in  another  similar  loop.  In  the 
present  paper  some  calculations  are  made  in  order  to  investigate  the  possi- 
bilities of  the  idea.  In  special  cases  definite,  perceptible  effects  are  to  be 
expected,  and  by  proper  experimentation  one  may  hope  to  learn  something 
about  the  average  properties  of  the  Earth  to  a  depth  of  the  order  of  100  kilo- 
meters. The  anticipated  difficulties  of  the  experiment  lie  mainly  in  the  con- 
siderable length  of  time  which  is  likely  to  be  necessary  in  order  to  make  the 
eddy  currents  penetrate  through  a  sufficient  thickness  of  the  Earth's  crust. 

Some  remarks  on  two-coupled  multiply  periodic  systems,  the  statistics  of  quantum  theory, 
and  the  theory  of  dispersion.  G.  Breit.  J.  Wash.  Acad.  Sci.,  vol.  15,  269- 
278  (July  19,  1925). 

The  classical  theory  of  perturbations  is  applied  to  two-coupled  systems 
so  as  to  eliminate  the  ether  in  considerations  of  dispersion.  A  distinction 
between  synchronous  and  nonsynchronous  terms  in  the  perturbations  of 
one  of  the  systems  becomes  apparent.  The  phase-integrals  J  are  changed 
on  the  average  only  by  the  synchronous  terms.  Questions  as  to  the  validity  of 
Kramers'  negative  dispersion  terms  are  raised.  A  Correspondence-Prin- 
ciple derivation  of  Einstein's  B?n  terms  is  given. 

The  depolarizing  influence  of  a  rapidly  changing  magnetic  field  on  the  resonance  radiation.2 
G.  Breit  and  A.  Ellett.     Phys.  Rev.,  vol.  25,  888-889  (June  1925). 

Rapidly  varying  magnetic  fields  have  been  applied  to  mercury  vapor 
emitting  resonance  radiation.  When  the  frequency  of  alterations  is  high 
enough  the  field  ceases  to  have  a  depolarizing  influence.  From  the  frequency 
at  which  this  takes  place  the  average  duration  of  the  2p2  state  of  mercury 
is  estimated  to  be  of  the  order  of  10~7  second. 

Note  on  a  graphical  method  of  computing  diurnal  variations  by  differential  formula.     C.  R. 

Duvall  and  C.  C.  Ennis.     Terr.  Mag.,  vol.  29,  121-123  (September  1924). 
Supplementary  note  on  a  graphical  method  of  computing  diurnal  variations  by  differential 

formula.     C.  R.  Duvall  and  C.  C.  Ennis.     Terr.  Mag.,  vol.  30,  27-29  (March 

1925). 

In  the  first  of  these  papers  a  graphical  method  is  described  which  offers 
considerable  advantages  in  simplicity,  ease  of  construction,  and  facility  of 
use  for  the  determination  of  an  unknown  quantity  which  is  related  to  two 
observed  quantities  by  a  formula  of  the  general  type  p  =  ax+by.  A  particu- 
lar application  discussed  is  that  in  the  reduction  of  magnetograph  data  at 
observatories.  In  the  second  paper  an  extension  of  the  method  is  described 
to  obtain  the  most  favorable  form  for  determining  the  required  quantities. 

Polarization  of  resonance  radiation.3    A.  Ellett.     Phys.  Rev.,  vol.  25,  242  (February  1925). 

The  polarization  of  sodium  resonance  radiation  in  magnetic  fields  has  been 
studied  under  conditions  where  the  depolarization  action  of  high  vapor 
pressure  and  of  hydrogen  was  eliminated.  The  decay  of  polarization  pro- 
duced by  a  field  perpendicular  to  the  exciting  light  beam  and  its  electric 
vector  is  well  represented  by  an  equation  of  the  form  P—P0e~kH.  In  the 
absence  of  a  magnetic  field  the  direction  of  maximum  electric  intensity  in  the 

1  Presented  before  the  Philosophical  Society  of  Washington,  February  21,  1925. 

2  Presented  at  the  meeting  of  the  American  Physical  Society,  New  York,  February  28,  1925. 

3  Presented  at  the  meeting  of  the  American  Phsyical  Society,  New  York,  December  30, 1924. 
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resonance  radiation  is  parallel  to  the  electric  vector  of  the  exciting  light. 
A  field  perpendicular  to  the  direction  of  the  exciting  light  beam  and  its  electric 
vector  produces  a  rotation  of  this  maximum  in  the  direction  of  the  Larmor 
precession,  and  from  the  magnitude  of  this  rotation  we  may  calculate  r  the 
interval  between  excitation  and  emission.  It  is  found  that  resonance  lines 
for  which  the  quantum  theory  predicts  polarization  in  a  magnetic  field,  such 
as  Is  —  2pi,  2p2  —  3d2,  show  polarization  in  the  absence  of  a  field,  while  lines 
for  which  no  polarization  is  predicted,  such  as  Is  —  2p2,  2pi  —  2s,  2p2  — 2s, 
show  no  polarization  in  the  presence  of  a  field. 

Note  on  magnetic  secular-variation  work  at  sea.1    H.  W.  Fisk. 

This  note  calls  attention  to  the  importance  in  the  study  of  magnetic 
anomalies  on  isolated  islands  of  utilizing  also  data  well  distributed  uniformly 
over  the  surrounding  water,  as  well  as  many  land  observations.  Reference 
is  made  particularly  to  the  author's  study  of  the  magnetic  anomaly  at  Ber- 
muda in  which  the  observations  at  sea  of  the  Carnegie  were  utilized.  It  is 
suggested  that  in  future  ocean  work  limited  areas  be  closely  covered  with 
stations  within  a  short  interval  of  time  before  the  next  area  is  taken  up. 

Preliminary  lines  of  equal  annual  change  of  the  magnetic  elements  in  1915  for  Latin  America 
and  adjacent  waters.  H.  W.  Fisk.  Terr.  Mag.,  vol.  29,  139-148  (December 
1924). 

Some  preliminary  results  of  the  magnetic-survey  work  by  the  Carnegie  Institution  of 
Washington  in  Latin  America  and  adjacent  water.2    H.  W.  Fisk. 

Magnetic  secular  change  in  Latin  America.3  H.  W.  Fisk.  J.  Wash.  Acad.  Sci.,  vol.  15, 
216-217  (May  19,  1925). 

These  papers  summarize  the  work  done  by  the  Department  during  the 
past  20  years  within  the  region  including  all  the  land  area  of  the  Western 
Hemisphere  south  of  latitude  30°  north  and  the  waters  immediately  adjacent. 
A  condensed  synopsis  of  the  itineraries  of  21  different  magnetic  observers  is 
given,  showing  work  done  each  year  from  1905  to  1924.  Charts  on  an  equal- 
area  projection  are  given,  showing  (a)  positions  of  C.  I.  W.  magnetic  stations, 
1905-1924,  (6)  repeat  C.  I.  W.  localities,  1905-1924,  for  magnetic  secular  and 
diurnal  variation,  (c),  (d),  and  (e)  lines  of  equal  average  annual  change  for 
the  year  1915  in  magnetic  declination,  inclination,  and  horizontal  intensity, 
respectively.  Each  of  the  last  3  charts  presents  some  feature  of  particular 
interest,  for  within  the  area  chosen  for  discussion  there  is  for  each  element  a 
center  or  focus  of  unusually  large  annual  change,  and  this  large  rate  is  appa- 
rently undergoing  very  rapid  modification,  although  the  evidence  so  far 
gathered  is  not  sufficient  to  define  this  modification  with  precision.  The 
focus  in  declination  lies  over  Guiana,  in  inclination  over  western  Ecuador, 
and  the  area  of  rapid  change  in  horizontal  intensity  is  central  over  the  Ba- 
hama Islands.  In  each  case  the  rate  is  becoming  smaller,  although  previous 
to  1915  it  seems  to  have  been  increasing.  Until  about  the  year  1917  magnetic 
horizontal  intensity  was  increasing  within  a  small  area  centering  over  northern 
Bolivia,  while  later  observations  indicate  that  it  is  now  decreasing;  in  the 
area  centering  over  the  Bahamas  the  large  negative  rate  has  become  nu- 
merically less  from  about  the  same  year.  Reference  is  made  to  places  where 
the  characteristics  of  the  curves  of  diurnal  variation  seem  unexpectedly  large. 
The  Department's  plan  for  determining  diurnal  variations  for  the  3  elements 
at  points  distributed  as  uniformly  as  possible  is  outlined. 

1  Report  prepared  for  the  meetings  of  the  Section  of  Terrestrial  Magnetism  and  Electricity  of 
the  International  Geodetic  and  Geophysical  Union  at  Madrid,  October  1924. 

2  Presented  for  the  author  by  W.  C.  Parkinson  at  the  Third  Pan-American  Scientific  Congress 
held  in  Lima  (Peru),  December  29,  1924. 

3  Presented  before  the  Philosophical  Society  of  Washington,  February  21,  1925. 
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Attention  is  called  to  the  fact  that  the  diurnal  and  secular  magnetic  varia- 
tions are  so  complex  and  the  changes  so  rapid  for  the  area  investigated  that 
they  can  not  be  satisfactorily  followed  without  the  cooperation  of  all  agencies 
equipped  for  making  magnetic  observations,  particularly  those  located  near 
regions  shown  to  have  especially  interesting  features. 

A  differential  method  for  deriving  magnetometer  deflection-constants.     H.  W.  Fisk  and 
C.  R.  Duvall.     Terr.  Mag.,  vol.  30,  1-10  (March  1925). 

An  abstract  of  the  matter  contained  in  this  paper  is  given  on  pages  174  to 
175  of  the  Director's  annual  report  for  1924. 

Latest  data  concerning  magnetic  observatories,  1924. l    J.  A.  Fleming.     Terr.  Mag.,  vol. 

29,  124-126  (September  1924). 
Latest  annual  values  of  the  magnetic  elements  at  observatories.     J.  A.  Fleming.     Terr. 
Mag.,  vol.  29,  149-153  (December  1924). 

These  papers  give  compilations  of  the  most  recent  values  of  the  magnetic 
elements  at  observatories  distributed  over  the  Earth,  together  with  informa- 
tion regarding  publications  and  persons  in  charge. 

Earth-current  storm  observations  on  telegraph  lines.1    O.  H.  Gish. 

This  note  gives  an  account  of  the  results  of  an  examination  of  records  of 
earth-current  storms  observed  during  a  number  of  years  by  the  American 
Telephone  and  Telegraph  Company.  A  brief  description  of  the  plan  and 
character  of  the  observations  is  given. 

Preliminary  results  of  earth-current  measurements  at  Watheroo,   Western  Australia.2 
O.  H.  Gish.     J.  Wash.  Acad.  Sci.,  vol.  15,  15-16  (January  4,  1925). 

The  first  continuous  recording  of  earth-current  potentials  in  the  Southern 
Hemisphere  was  begun  in  October  1923  at  the  Watheroo  Magnetic  Observa- 
tory of  the  Carnegie  Institution  of  Washington  near  Watheroo,  Western 
Australia.  Curves  of  the  diurnal  variation  for  the  months  of  November  and 
December  1923  show  pronounced  characteristics  as  follows:  The  south-north 
component  is  a  double  wave  which,  when  plotted  on  local  time,  is  in  phase 
with  the  south-north  component  of  diurnal  variations  in  earth-currents  ob- 
served at  Berlin  (1884-1888)  and  Ebro  (1914-1918).  The  west-east  com- 
ponent of  the  diurnal  variation  at  Watheroo,  however,  is  approximately  a 
single  wave,  while  at  Berlin  and  Ebro  a  double  wave  is  obtained  for  this 
component.  This  single  wave  is  in  phase  with  the  principal  harmonic  of  the 
curve  obtained  at  the  other  stations.  At  Ebro,  however,  the  amplitude  of 
either  component  is  20  times  that  found  thus  far  at  Watheroo,  the  range  in 
values  at  Watheroo  being  as  follows:  South-north  component,  1.6  millivolts 
per  kilometer;  west-east  component,  0.6  millivolts  per  kilometer.  The 
vector  diagrams  of  the  diurnal  variations  at  Watheroo  are  of  similar  character 
to  those  obtained  at  both  Ebro  and  Berlin.  These  diagrams  are  elongated 
along  a  line  extending  from  west  of  north  to  east  of  south,  and  on  the  daylight 
portion  the  progression  is  clockwise.  Though  too  early  to  draw  definite  con- 
clusions, these  results  do  not  appear  to  fit  any  existing  theory. 

Some  characteristics  of  earth-current  storms.3     O.  H.  Gish.      Phys.  Rev.,  vol.  25,  254 
(February  1925). 

A  study  of  systematic  observations  of  the  natural  electric  currents  flowing 
in  the  Earth's  crust  shows  that  the  diurnal  changes  take  place  largely  along 

1  Report  prepared  for  the  meetings  of  the  Section  of  Terrestrial  Magnetism  and  Electricity  of 
the  International  Geodetic  and  Geophysical  Union  at  Madrid,  October  1924. 

2  Presented  before  the  Philosophical  Society  of  Washington,  October  18,  1924. 

3  Presented  at  the  meeting  of  the  American  Physical  Society,  Washington,  December  30,  1924. 
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a  line  having  a  fixed  direction  at  each  place  of  observation.  Thus  the  changes 
in  direction  of  the  varying  component  tend  to  be  complete  reversals.  An 
examination  of  records  of  the  more  rapid  changes  which  the  earth-current 
vector  undergoes  at  times,  known  as  earth-current  storms,  shows  that  the 
varying  component  again  is  directed  along  a  fixed  line  and  that  the  changes 
in  direction  consist  chiefly  of  approximately  complete  reversals.  The  fixed 
line  along  which  these  changes  take  place  during  normal  times  and  also  during 
times  of  storm  has  nearly  the  same  direction  as  the  magnetic  meridian  at  all 
but  one  of  the  6  places  for  which  data  have  been  studied.  This  charac- 
teristic of  earth-currents  seems  to  be  fundamental  and  should  receive  early 
careful  consideration  in  any  attempt  to  explain  the  origin  of  earth-currents. 
It  also  suggests  some  possibilities  of  practical  importance  in  the  manage- 
ment of  telegraph  traffic  at  times  of  earth-current  storms. 

Note  on  Bachmetjew's  method  of  finding  the  direction  and  magnitude  of  the  earth-current 
potential-gradient.     O.  H.  Gish. 

For  measuring  earth-current  potentials  Bachmetjew1  used  an  arrangement 
of  electrodes  (or  earthed  points)  in  which  1  electrode,  serving  as  the  common 
point  of  reference,  was  located  at  the  center  of  a  circle  and  the  other  elec- 
trodes were  distributed  at  points  on  the  circumference  of  a  quadrant  at 
15-degree  intervals.  The  measurements  were  then  plotted  on  a  polar- 
coordinate  system  with  radii-vectores  proportional  to  their  magnitudes  and 
having  the  same  directions  as  those  of  the  fines  joining  the  points  between 
which  the  measurements  were  made.  The  maximum  radius-vector  of  a 
curve  drawn  through  these  points  was  then  taken  as  representing  the  earth- 
current  gradient  both  in  direction  and  magnitude.  Under  ideal  conditions 
this  method  would  yield  the  correct  result,  but  owing  to  uncertainties  due  to 
the  relatively  large  electrochemical  electromotive  forces  of  contact  between 
the  electrodes  and  soil  undue  weight  is  likely  to  be  innocently  given  a  few 
of  the  measurements,  while  others  may  be  practically  ignored,  and  thus  the 
chief  advantages  of  the  experimental  method  lost.  In  order  to  give  all 
measurements  full  consideration  in  determining  the  result,  statistical  methods 
should  be  used.  This  can  be  readily  done  provided  it  is  noted  that  between 
the  observed  potential-drop,  d,  per  unit  length  along  a  direction  whose 
azimuth  is  0,  and  the  negative  of  the  earth-current  gradient,  G,  whose  azi- 
muth is  6,  the  relationship  d  =  G  cos  0  cos  $+(?  sin  6  sin  cf>,  exists.  Adjusting  the 
constants  G  cos  6  and  G  sin  6  to  Bachmetjew's  data2  by  the  method  of  least 
squares,  a  value  for  G  is  obtained  which  is  23  per  cent  less  than  that  found 
by  Bachmetjew,  and  the  direction  of  the  current  is  3?4  east  of  north  while 
Bachmetjew  gives  it  as  30°  east  of  north.  Bachmetjew's  arrangement  of 
electrodes  has  an  advantage  in  attempts  to  detect  a  constant  component  of 
earth-currents  since  the  electrochemical  electromotive  forces  of  the  electrodes 
tend  to  cancel  out  when  the  data  are  reduced  by  statistical  methods;  how- 
ever, with  his  method  of  reducing  the  data  this  advantage  is  largely  lost. 

Characteristics  of  earth-current  potentials  at  Watheroo  as  shown  by  one  year  of  con- 
tinuous records.     O.  H.  Gish  and  W.  J.  Rooney. 

The  diurnal  variation  of  the  northward  and  eastward  components  of  the 
earth-current  potential-gradient  has  been  evaluated  from  the  continuous 
records  obtained  on  the  2-mile  lines  at  Watheroo  for  December  1923,  for  the 
year  1924,  and  for  January  and  February  1925,  as  well  as  for  the  four  1-mile 
lines  for  December  1923  and  for  January,  April,  August,  November,  and 

1  St.  Petersburg,  Mem.  Ac.  Sc.  (ser.  8),  vol.  12,  13  (1901-1902). 

2  Ibid.  p.  14  and  fig.  1. 
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December  1924  (10  magnetically  and  electrically  quiet  days  only).  The 
one  short  north-south  line  yields  a  variation  which  agrees  in  magnitude  and 
character  with  that  obtained  on  the  long  line;  that  from  the  other  short  line, 
however,  though  at  times  in  good  agreement,  at  other  times  shows  a  marked 
departure  which  is  doubtless  due  to  a  more  or  less  indirect  thermal  effect  at 
one  of  the  electrodes.  The  type  and  magnitude  of  the  variation  in  this 
component  at  Watheroo,  which  seems  now  fairly  well  established,  is  roughly 
as  follows:  A  principal  minimum  (that  is,  a  variation  component  of  current 
directed  southward)  occurs  at  6h  30m  in  January  but  is  gradually  delayed  in 
the  following  months  until  in  July  it  appears  as  late  as  9h  30m;  a  principal 
maximum  (that  is,  a  variation  component  of  current  directed  northward) 
occurs  in  January  at  llh  30m  but  also  is  delayed  as  the  year  progresses  until 
its  latest  appearance  at  about  14h  in  July;  a  secondary  maximum  occurs 
between  2h  and  4h,  and  a  secondary  minimum  usually  occurs  between  16h 
30m  and  18h  30m  but  occasionally  as  late  as  21h  30w.  The  secondary  maxi- 
mum and  minimum  are  both  rather  irregular  in  form  and  in  time  of  appear- 
ance. A  maximum  diurnal  range  of  1.9  mv/km  occurred  in  the  north-south 
component  in  October,  and  a  minimum  range  of  0.7  mv/km  occurred  in  June. 
A  comparison  of  the  diurnal  variation  of  this  component  with  the  time-rate  of 
change  of  the  diurnal  variation  in  the  east  magnetic  component,  Y,  at  Wath- 
eroo for  the  same  month  showed  very  close  agreement  both  in  character  and 
phase.  (The  standard  time  used  at  the  observatory  is  that  of  the  meridian 
120°  East.) 

In  the  case  of  the  eastward  component  the  diurnal  variation  shown  by  the 
short  lines  is  in  agreement  with  that  found  from  the  long  line  only  in  August 
and  possibly  the  other  months  of  the  southern  winter  for  which  the  records 
have  not  yet  been  reduced.  Since  the  departures  of  the  short-line  diurnal- 
variation  data  from  that  for  the  long  line  vary  in  the  same  way  as  the  thermo- 
grams of  the  air,  it  is  believed  that  an  electrode  on  each  of  these  short  lines 
is  in  some  way  affected  by  temperature.  Confidence  in  the  long-line  meas- 
urements of  the  eastward  component  is  consequently  based  largely  upon 
indirect  evidence  as,  for  example,  a  comparison  between  its  diurnal  variation 
and  that  of  the  north  magnetic  component,  X,  at  Watheroo  for  the  same 
month.  Thus  far  the  agreement  found  is  even  more  satisfactory  than  that  for 
similar  comparisons  made  at  Ebro  and  Berlin.  Experimental  tests  designed 
to  ascertain  the  reliability  of  these  data  are  now  also  under  way.  The  diurnal 
variation  of  this  component  has  a  minimum  range  in  June  of  less  than  0.2 
mv/km  and  a  maximum  of  0.7  mv/km  in  November;  consequently,  the  pre- 
cision of  measurement  is  less  than  half  that  for  the  north-south  lines.  Two 
maxima  appear,  one  at  about  7h  in  January  but  occurring  progressively  later 
in  the  following  months  until  in  May  or  June  it  occurs  latest  at  about  llh; 
the  second  occurs  near  midnight  in  January  and  progressively  earlier  until  in 
June  it  is  at  15h.  The  two  minima  occur  in  a  less  regular  manner,  one  coming 
at  about  midnight,  the  other  at  about  noon.  The  later  maximum  undergoes 
much  greater  variation  than  the  former  and  becomes  predominant  in  Novem- 
ber and  December,  when  the  diurnal  variation  of  this  component  seems  to 
be  almost  entirely  of  a  single  period.  Thus  far  the  overhead  lines  yield  the 
same  variations  as  the  underground  lines  except  during  one  thunderstorm, 
when  the  latter  were  unaffected  while  all  the  overhead  lines  showed  large 
perturbations. 

List  of  recent  publications.    H.  D.  Harradon.    Terr.  Mag.,  vol.  29,  202-240  (December 
1924);  vol.  30,  99-44  (March  1925);  and  vol.  30,  99-100  (June  1925). 

A  bibliography  of  current  literature  continuing  that  by  F.  E.  Brasch  as 
abstracted  on  page  210. 
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On  the  momentum  imparted  to  electrons  by  radiation.  E.  O.  Hulburt  and  G.  Breit.  Phys. 
Rev.,  vol.  25,  193-196  (February  1925). 

The  possibility  of  observing  the  effect  of  a  beam  of  radiation  on  a  moving 
electron  stream  is  discussed,  and  it  is  shown  that  the  number  of  deflected 
electrons  is  very  small  on  the  quantum  theory,  while  the  average  deflection 
on  the  classical  theory  is  practically  beyond  observation. 

Records  of  principal  magnetic  storms  and  of  earthquakes  at  the  Watheroo  Magnetic 
Observatory,  April  to  June  1924.  H.  F.  Johnston.  Terr.  Mag.,  vol.  29, 
195  (December  1924). 

Records  of  principal  magnetic  storms  and  of  earthquakes  at  the  Watheroo  Magnetic  Obser- 
vatory, July  1  to  December  31,  1924.  H.  F.  Johnston.  Terr.  Mag.,  vol.  30, 
30  (March  1925). 

These  two  articles  give  brief  accounts  and  descriptions  of  details  of  prin- 
cipal magnetic  storms  and  earthquake  records  as  indicated  by  the  magneto- 
grams  at  the  Watheroo  Magnetic  Observatory  during  April  to  December  1924. 

Notes  regarding  the  control  of  atmospheric  potential-gradient  observations  at  observatories. 
S.  J.  Mauchly. 

This  communication  describes  the  general  practice  of  finding  a  factor  for 
reducing  atmospheric  potentials  recorded  at  an  observatory  to  the  corre- 
sponding gradient  "in  the  open"  or  "over  an  infinite  plane."  The  desira- 
bility of  making  extended  control  observations  (extending  over,  say,  2  or  3 
hours)  once  a  month  rather  than  daily  or  weekly  tests  covering  only  a  few 
minutes  of  actual  observation  to  determine  this  reduction-factor,  is  em- 
phasized. While  the  comparison  of  results  from  a  number  of  successive 
series  shows  for  a  given  station  a  decided  tendency  toward  a  fixed  value 
of  the  factor,  properly  conducted  control-observations  must  furnish  the 
decisive  data  as  to  whether  there  may  be  an  actual  variation  of  the  reduction- 
factor. 

Atmospheric  electricity.     S.  J.  Mauchly.     "Q  S  T,"  vol.  8,  37-40  (November  1924). 

An  abstract  of  the  matter  contained  in  this  communication  is  given  on  page 
183  of  the  Director's  annual  report  for  1924. 

The  radium-emanation  content  of  sea  air  from  observations  aboard  the  Carnegie,  1915— 
1921.2  S.  J.  Mauchly.  Terr.  Mag.,  vol.  29,  187-194  (December  1924); 
Phys.  Rev.,  vol.  25,  254  (February  1925). 

Observations  for  determining  the  radioactive  content  of  the  air  have  been 
regularly  made  aboard  the  yacht  Carnegie,  when  at  sea,  since  1909.  From 
1909  to  1914  the  Elster-and-Geitel  method  was  used,  and  the  results  obtained 
have  been  published  elsewhere.3  Since  1915  observations  for  absolute  deter- 
minations have  been  made  aboard  the  vessel  using  an  adaptation  of  the 
Gerdien  aspiration  method.  A  summary  is  given  of  the  final  results  of 
nearly  400  observations  for  the  period  1915  to  1921,  showing  in  considerable 
detail  the  distribution  of  radium  emanation  over  each  of  the  major  oceans. 

The  mean  value  of  the  radium-emanation  content  over  the  oceans  re- 
sulting from  all  the  observations  is  2.6  X10~18  curies  per  cubic  centimeter. 
However,  if  observations  which  clearly  show  the  effects  of  nearby  land  are 
excluded,  the  mean  value  of  1.2  X10~18  curies  per  cubic  centimeter  is  obtained 
from  the  remaining  333  observations.  These  results  fully  confirm  the  earlier 
conclusions  of  Simpson  and  of  Swann  to  the  effect  that  the  radium  emanation 
normally  present  in  sea  air  well  removed  from  land  is  entirely  inadequate 

1  Report  prepared  for  the  meetings  of  the  Section  of  Terrestrial  Magnetism  and  Electricity  of 
the  International  Geodetic  and  Geophysical  Union  at  Madrid,  October  1924. 

2  Presented  at  the  meeting  of  the  American  Physical  Society,  Washington,  December  30,  1924. 

3  Terr.  Mag.,  vol.  15,  83-91  (June  1910) ;  vol.  19,  127-170  (September  1914) ;  and  vol.  20,  13-48 
(March  1915). 
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for  producing  the  atmospheric  ionization  found  in  these  regions.  They  do 
not  support  Bongards'  suggestion  that  an  appreciable  portion  of  the  radio- 
active content  of  the  Earth's  lower  atmosphere  is  of  solar  origin. 

The  electric  condition  of  the  lower  atmosphere.1    S.  J.  Mauchly.     Bull.  National  Research 
Council,  vol.  10,  58-60  (July  1925). 

This  paper  summarizes  briefly  the  data  now  available  for  investigational 
work  and  obtained  mostly  during  the  last  two  decades  regarding  the  electric 
conditions  of  the  lower  atmosphere.  The  ever-increasing  need  for  extended 
series  of  well-controlled  variation  observations  rather  than  short  series  of 
uncontrolled  variation  observations,  now  that  the  general  magnitude  of  the 
Earth's  field  is  well  known,  is  emphasized.  The  solution  of  the  problem  of 
the  origin  of  the  Earth's  charge  requires  most  carefully  controlled  observa- 
tions in  many  representative  and  widely  separated  regions.  All  sources  of 
spurious  variation  must  be  eliminated  to  obtain  dependable  results  suggesting 
new  methods  of  attack  and  for  the  purpose  of  testing  new  theories.  Our 
generalizations  regarding  ionization  of  the  air  are  founded  on  rather  meager 
data,  particularly  as  only  the  bottom  of  the  atmospheric  ocean  is  available 
for  observation  and  experiment.  The  paper  includes  a  brief  account  of  the 
results  being  obtained  at  the  Watheroo  (Western  Australia)  and  Huancayo 
(Peru)  observatories  of  the  Department,  as  well  as  of  the  observations  made 
aboard  the  Carnegie. 

The  electricity  of  the  air.     S.  J.  Mauchly. 

This  was  the  subject  of  a  radio  talk  broadcast  on  May  22,  1925,  from 
station  WCAP  at  Washington,  D.  C,  as  one  of  a  series  of  scientific  talks  given 
under  the  auspices  of  the  National  Research  Council  and  Science  Service. 
The  more  important  results  and  theories  of  atmospheric  electricity  were 
described  and  the  chief  outstanding  problems  indicated. 

On  atmospheric  electricity  and  the  instruments  for  its  measurement.2    S.  J.  Mauchly. 

The  introduction  gives  a  brief  account  of  the  atmospheric-electric  ele- 
ments and  a  history  of  the  development  of  the  earlier  types  of  instruments 
for  the  measurement  of  these  elements.  The  latest  types  of  instruments 
for  the  measurement  of  atmospheric  potential-gradient,  positive  and  nega- 
tive conductivity,  and  ionic  content,  with  particular  reference  to  those  used 
for  the  ocean  work  and  for  continuous  recording  at  the  observatories  of  the 
Department,  are  described  in  detail.  Brief  accounts  are  given  of  the  methods 
developed  for  calibrating  the  respective  instruments  and  of  the  theories 
involved  in  their  use.  Methods  are  described  of  deriving  ionic  mobilities 
from  the  conductivity  and  ionic-content  observations,  of  determining  radium- 
emanation  content  and  residual  ionization,  and  of  deriving  from  measured 
conductivity  and  potential  gradient  the  air-earth  current-density.  The 
paper  is  concluded  with  a  statement  of  the  outstanding  problems  of  atmos- 
pheric electricity  and  an  account  of  some  of  the  theories  proposed  for  their 
solution. 

Studies  in  atmospheric  electricity  based  on  observations  made  aboard  the  Carnegie,  1915- 
1921.     S.  J.  Mauchly. 

The  studies,  prepared  for  Volume  V  of  the  Researches  of  the  Department  of 
Terrestrial  Magnetism  now  in  press,  were  based  on  observations  made  on  the 
Carnegie  during  1915  to  1921  and  include  the  following:  (1)  The  diurnal 
variation  of  the  potential  gradient,  with  special  reference  to  its  universal- 

1  Presented  at  the  annual  meeting  of  the  Section  of  Terrestrial  Magnetism  and  Electricity  of 
the  American  Geophysical  Union,  Washington,  April  30,  1925. 

2  Presented  for  the  author  by  Dr.  A.  E.  Douglass  at  the  Portland  (Oregon)  meeting  of  the 
American  Meteorological  Society,  June  19,  1925. 
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time  component;  (2)  on  the  distribution  of  potential  gradient  over  the  oceans, 
especially  as  regards  variation  with  latitude;  (3)  annual  change  (change  from 
year  to  year)  of  potential  gradient  as  indicated  by  ocean  observations; 
(4)  variations  and  distribution  of  ionic  content,  conductivity,  and  air-earth 
current-density  over  the  oceans;  (5)  the  radioactive  content  of  sea-air; 
(6)  penetrating  radiation  over  the  oceans;  and  (7)  some  general  considerations 
on  atmospheric  electricity  from  the  work  on  the  Carnegie,  1915-1921. 

As  regards  the  first  topic,  the  evidence  resulting  from  the  discussion  of  the 
fifty-nine  24-hour  series  of  observations  indicates  that  the  24-hour  wave 
of  the  diurnal  variation  of  the  atmospheric  potential-gradient  over  the 
oceans  is  a  universal-time  phenomenon,  while  the  12-hour  wave  appears  to 
be,  from  these  results,  a  universal-time  phenomenon  and  the  6-hour  wave 
apparently  a  local-time  phenomenon  over  the  oceans.  The  results  per- 
taining to  the  12-hour  and  6-hour  waves  may  be  simply  the  effect  of  a  fortui- 
tous combination  of  observations,  and  for  final  decision  the  accumulation  and 
study  of  more  observational  data  must  be  awaited.  The  most  important 
result  of  the  investigation  is  the  unmistakable  evidence  furnished  with  refer- 
ence to  the  progress  of  the  24-hour  wave  approximately  according  to  uni- 
versal, rather  than  local  time,  and  the  absence  of  major  local-time  effects  of 
general  occurrence.  Confirmatory  evidence  of  the  universal-time  phenome- 
non is  also  afforded  by  the  discussion  of  the  isolated  daily  observations.  The 
derivation  and  validity  of  mean-of-day  values  of  atmospheric  potential- 
gradient  from  isolated  daily  observations  also  offer  confirmatory  evidence. 

The  second  study,  on  the  distribution  of  potential  gradient  over  the  oceans, 
indicates  in  general  the  gradient  to  be  lowest  in  the  equatorial  regions  and 
to  increase  gradually  as  higher  latitudes  are  reached,  at  least  up  to  the  paral- 
lels of  60°  north  and  60°  south. 

The  investigation  of  the  data  obtained  on  the  Carnegie  evidences  the  effect 
of  annual  changes  between  1915  and  1921.  The  conclusion  is  drawn  from  the 
discussion  that,  after  allowing  approximately  for  annual  change  and  for 
latitude  effect,  there  is  no  indication  of  any  marked  difference  in  the  atmos- 
pheric potential-gradient  over  the  several  oceans  for  the  same  time  of  year 
and  the  same  latitude-belt. 

The  discussion  of  the  diurnal-variation  data  indicates  that  over  the  oceans 
the  diurnal  variation  of  the  air-earth  current-density  is  similar  to  that  of  the 
potential  gradient  (1)  as  to  the  general  nature  of  the  variation  throughout 
the  day,  (2)  as  to  its  progression  according  to  universal  rather  than  local 
mean  time,  and  (3)  as  to  the  changes  in  its  characteristic  features  with  time 
of  year.  The  average  air-earth  current-density  in  all  oceans  is  about  11 X 
10~7  E.  S.  U.,  and  there  was  little  variation  from  the  mean  value  in  the  various 
oceans  and  latitudes.  There  is  strong  evidence  of  an  actual  decrease  of  the 
order  of  15  per  cent  in  the  density  of  the  air-earth  current  over  the  oceans 
between  the  epochs  corresponding  to  Cruises  IV  and  VI  (approximately 
1916.2  and  1920.8).  The  discussion  of  the  ionic  mobilities  indicates  that 
approximately  the  variations  with  latitude  are  also  variations  with  temper- 
ature and,  as  such,  are  in  qualitative  agreement  with  the  results  obtained 
by  Phillips.  In  general,  the  consistency  of  these  results  indicates  the  satis- 
factory nature  of  the  conductivity  and  ionic-content  observations. 

The  conclusion  drawn  from  the  discussion  of  the  data  of  the  radioactive 
content  of  sea  air  is  that  the  amount  of  radium-emanation  which  may  be 
assumed  to  reach  the  lower  strata  of  the  atmosphere  from  an  extra-ter- 
restrial source  is  negligibly  small.  While  the  differences  between  the  yearly 
means  deduced  by  the  penetrating  radiation  over  the  oceans  may  represent 
actual  differences,  these  can  not  be  definitely  accepted  as  a  conclusion. 

In  conclusion,  the  importance  of  providing  a  practically  world-wide 
atmospheric-electric  survey  of  the  oceans  is  emphasized  because  of  (1)  the 
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comparative  freedom  from  local  disturbance  at  sea  as  contrasted  with  land 
stations  and  (2)  the  greater  homogeneity  of  resulting  data  for  investigating 
the  distribution  and  variations  with  time.  Considerations  of  the  results  thus 
far  obtained  indicate  the  importance  of  additional  observations  both  at  sea 
and  over  land. 

Principal  magnetic  storms  recorded  at  the  Huancayo  Magnetic  Observatory,  Peru,  from 
April  to  June  1924.     W.  C.  Parkinson.     Terr.  Mag.,  vol.  29,  127-128  (Sep- 
tember 1924). 
Principal  magnetic  storms  recorded  at  the  Huancayo  Magnetic  Observatory  August  to 
September  1924.     W.  C.  Parkinson.    Terr.  Mag.,  vol.  29,  196  (December 
1924). 
Principal  magnetic  storms  recorded  at  the  Huancayo  Magnetic  Observatory,  October  to 
December  1924.     W.  C.  Parkinson.     Terr.  Mag.,  vol.  30,  31-32  (March 
1925). 
These  articles  list  and  describe  briefly  the  principal  magnetic  storms  re- 
corded at  the  Huancayo  Magnetic  Observatory  during  April  to  December 
1924. 

The  equipment  and  program  of  the  Huancayo  Magnetic  Observatory  of  the  Carnegie 
Institution  of  Washington.1    W.  C.  Parkinson. 

The  paper  describes  the  foundation  of  the  Carnegie  Institution  of  Washing- 
ton and,  under  its  auspices,  the  organization  of  the  Department  of  Terrestrial 
Magnetism  for  the  purpose  of  research  in  terrestrial  magnetism  and  allied 
problems.  An  outline  is  given  of  the  steps  which  led  to  the  establishment  by 
the  Department  of  magnetic  and  electric  observatories  in  the  Southern 
Hemisphere  and  also  details  of  the  location  of  the  Huancayo  Magnetic  Obser- 
vatory in  Peru.  Description  follows  of  the  scientific  equipment.  The 
methods  of  registration  of  the  variations  of  the  magnetic  elements  and  also 
the  necessary  control  observations  are  described.  Details  are  given  of  the 
research  work  in  progress  at  Huancayo  in  atmospheric  electricity — the  con- 
tinuous registration  of  the  potential  gradient  and  the  conductivity  of  the  air. 
Reference  is  made  to  the  full  program  of  meteorological  observational  work 
conducted  in  conjunction  with  the  work  in  atmospheric  electricity  and  also 
the  scope  of  other  researches  in  various  branches  of  geophysics  to  be  under- 
taken in  the  near  future.  Photographs  accompanying  the  paper  illustrate 
the  observatory  buildings,  instrumental  equipment,  and  installations. 

Note  on  the  meteorological  conditions  at  the  Huancayo  Magnetic  Observatory  of  the 
Carnegie  Institution  of  Washington  during  the  years  1922  to  1924.  W.  C. 
Parkinson. 

This  note  summarizes  the  meteorological  observations  made  during  the 
years  1922  to  1924  at  the  Huancayo  Magnetic  Observatory  in  Peru.  The 
results  include  data  on  temperature,  sunshine,  barometric  pressure,  and 
general  meteorological  conditions. 

On  the  use  of  stereographic  projections  in  the  study  of  progression  of  magnetic  disturbances. 
W.  J.  Peters.     Terr.  Mag.,  vol.  30,  67-68  (June  1925). 

This  paper  describes  a  method  for  the  rapid  drawing  of  stereographic  pro- 
jections of  the  day  and  night  hemispheres.  The  chief  advantage  of  the  stereo- 
graphic projection  is  the  facility  of  construction  and  adaptability  to  various 
fines  of  investigations,  important  items,  for  example,  when  studying  the  pro- 
gression of  abrupt  magnetic  disturbances  over  the  surface  of  the  Earth. 

The  Hudson  Bay  Expedition,  1914.    W.  J.  Peters. 

This  special  report,  prepared  for  publication  in  Volume  V  of  the  Researches 
of  the  Department  of  Terrestrial  Magnetism,  describes  the  methods  of  work  and 
results  obtained  during  the  Hudson  Bay  Expedition  of  1914  on  the  chartered 

1  Presented  before  the  Third  Pan-American  Scientific  Congress  held  in  Lima  (Peru),  December 
20,  1924. 
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vessel  George  B.  Cluett.  In  addition  to  the  ocean  magnetic  results,  those  for 
observations  made  at  land  stations  are  given.  Extracts  from  instructions 
for  the  observational  work  and  from  the  narrative  report  show  in  detail  the 
program  of  the  work,  abstracts  of  log,  and  notes  of  observations  made  on  the 
northern  lights. 

Measurements  of  the  resistivity  of  large  volumes  of  undisturbed  earth.1    W.  J.  Rooney  and 
O.  H.  Gish.     Phys.  Rev.,  vol.  25,  254  (February  1925). 

In  studying  the  electric  currents  in  the  Earth,  knowledge  of  earth-resis- 
tivity distribution  is  desirable.  A  method  seemingly  well  suited  for  obtain- 
ing such  information  was  suggested  by  Wenner2  and  developed  for  use  in 
electrolysis  surveys  by  McCullum.3  The  apparatus  here  used  is  a  modifica- 
tion of  McCullum's  adaptation  and  was  designed  to  measure  the  average  re- 
sistivity of  volumes  of  earth  with  linear  dimensions  as  great  as  one  mile. 
Measurements  made  over  a  deep  homogeneous  fill  show  average  resis- 
tivities of  80,000  ohms  per  centimeter  cube  for  filled  soil  and  12,000  for  undis- 
turbed soil.  An  approximate  contour  of  the  original  surface  was  deduced 
from  the  resistivities  obtained  for  various  electrode  separations.  Extensive 
measurements  near  College  Park,  Maryland,  over  alluvial  deposit  yielded 
resistivities  varying  near  the  surface  from  20,000  to  120,000.  A  steady 
decrease  with  depth  (or  electrode  separation)  occurred  until  a  minimum, 
11,000,  was  reached,  when  soil  about  250  feet  below  the  surface  began  to  affect 
the  result.  Soil  from  this  depth  down  to  about  1,700  feet  gradually  in- 
creased the  resistivity  to  30,000  ohms  per  centimeter  cube.  A  granite 
stratum,  shown  by  borings  and  sonic  depth  measurements,  at  an  average  depth 
of  200  feet  is  the  likely  source  of  the  higher  resistivity  contributed  by  the  lower 
strata  of  earth. 

A  proposed  test  of  the  space  quantization  of  atoms  in  a  magnetic  field.     A.  E.  Ruark  and 
G.  Breit.     Phil.  Mag.,  vol.  49,  504-508  (February  1925). 

The  space  quantization  of  atoms  in  a  magnetic  field  leads  to  double  re- 
fraction and  to  an  anisotropic  effect  on  the  dielectric  constant.  The  relations 
of  necessary  pressure  and  necessary  field  strengths  are  worked  out.  The 
experiment  appears  to  be  a  possible  one. 

Preliminary  report  on  the  atmospheric  potential-gradient  recorded  at  the  Apia  Observa- 
tory, Western  Samoa,  May  1922  to  April  1924.     A.  Thomson.     Terr.  Mag., 
vol.  29,  97-100  (September  1924). 
An  abstract  of  the  matter  contained  in  this  paper  is  given  on  page  184  of 

the  Director's  annual  report  for  1924. 

Note  on  a  radio  method  of  estimating  the  height  of  the  conducting  layer.  M.  A.  Tuve  and 
G.  Breit.  Terr.  Mag.,  vol.  30,  15-16  (March  1925). 
The  effect  of  reflections  from  the  conducting  layer  on  radio  signals  is  dis- 
cussed, and  it  is  shown  that  the  modulation  of  the  signals  must  be  affected. 
This  suggests  a  method  of  estimating  the  height  of  the  layer  by  studying 
the  modulation  or  by  observing  the  wave-form  of  specially  transmitted 
signals  oscillographically. 

Records  of  earthquakes  and  of  principal  magnetic  storms  at  the  Watheroo  Magnetic 
Observatory,  Western  Australia,  from  January  to  March  1924.     G.  R.  Wait. 
Terr.  Mag.,  vol.  29,  128  (September  1924). 
This  note  describes  briefly  the  earthquake  disturbances  recorded  on  the 

magnetogram  at  the  Watheroo  Magnetic  Observatory  on  March  5,  1924. 

The  particulars  of  4  principal  magnetic  storms  recorded  during  January  and 

March  1924  are  given  in  detail. 

1  Presented  at  the  meeting  of  the  American  Physical  Society,  Washington,  December  30,  1924. 

2  See  Bureau  of  Standards  Scientific  Paper  No.  258. 

3  See  Measurement  of  earth-currents,  Elec.  Ry.  Jour.,  November  5,  1921. 


TORTUGAS  LABORATORY.1 

In  accordance  with  special  authorization  by  the  Trustees  of  the  Institution, 
investigations  were  continued  at  the  Tortugas  Laboratory  during  the  summer 
of  1925.  Dr.  William  H.  Longley,  of  Goucher  College,  served  upon  invita- 
tion, as  administrative  officer  at  the  Laboratory  during  the  season;  and  Mr. 
John  W.  Mills,  chief  engineer,  remained  in  charge  of  all  equipment  and  aided 
in  collecting  material  for  study  and  in  securing  supplies.  The  following 
investigators  studied  at  the  Laboratory  during  the  season: 

Paul  Bartsch.  U.  S.  National  Museum.  Continuation  of  breeding  experiments  with 
cerions.     August  12  to  August  24. 

H.  Boschma.  Rijks-Universiteit,  Leiden.  Digestion  in  anthozoan  polyps;  the  post- 
embryonic  development  of  Mceandra  areolata.    June  30  to  August  9. 

P.  S.  Conger.     Carnegie  Institution.     Diatom  studies.     June  1  to  June  28. 

Caswell  Grave.  Washington  University.  Development  and  behavior  of  larval  ascid- 
ians;  periodicity  in  spawning  of  certain  marine  invertebrates.     June  14  to  July  26. 

W.  H.  Longley.  Goucher  College.  The  power  of  discrimination  and  association  in 
the  gray  snapper;  eye-masking  patterns  in  fishes;  the  food  of  certain  fishes.  June  1  to 
August  24. 

Albert  Mann.     Carnegie  Institution.     Diatom  studies.     June  1  to  June  14. 

H.  M.  Miller  jr.  Washington  University.  Studies  on  larval  trematodes  infesting 
certain  mollusks  from  Dry  Tortugas.     June  1  to  July  12. 

W.  L.  Schmitt.  U.  S.  National  Museum.  The  food  of  certain  fishes,  with  especial 
reference  to  the  decapod  Crustacea.     June  1  to  June  28. 

W.  R.  Taylor.  University  of  Pennsylvania.  The  marine  alga?  of  Tortugas  and  their 
distribution;  the  algal  food  of  certain  fishes. 

D.  H.  Tennent.  Bryn  Mawr  College.  June  14  to  July  26.  Investigations  on  specificity 
of  fertilization. 

J.  M.  Valentine.     Yale  University.     Collector  and  artist.     June  1  to  August  24. 

H.  V.  Wilson.  University  of  North  Carolina.  Studies  on  dissociated  sponge  cells. 
June  30  to  July  26. 

A  collection  of  the  horny  skeletons  of  12  species  of  gorgonians  was  sent  to 
Professor  Lafayette  B.  Mendel,  of  Yale  University,  for  analysis  in  the  course 
of  research  upon  the  occurrence  of  iodine  in  organic  combination.  In  con- 
nection with  the  work  of  the  Laboratory,  financial  assistance  was  also  fur- 
nished to  enable  Dr.  Oscar  Riddle,  of  the  Department  of  Genetics  of  the 
Institution,  to  undertake  collection  of  birds  in  southern  Florida  for  use 
in  his  study  of  the  relative  development  of  right  and  left  gonads  in  wild 
species  of  this  class. 

Examination  of  the  reports  of  investigators  shows  that  at  present  research 
at  the  Laboratory  tends  to  center  in  particular  upon  two  problems.  The 
first  is,  in  a  broad  way,  the  problem  of  the  nature  of  specific  difference.  It 
is  being  attacked  independently  by  Doctors  Bartsch,  Grave,  Tennent,  and 
Wilson,  each  working  with  methods  suited  to  his  material.  The  second, 
stated  likewise  in  general  terms,  is  the  problem  of  specific  adaptation  to 
natural  environment.  On  this  problem  Doctors  Longley,  Schmitt,  and 
Taylor  are  working  in  close  cooperation,  with  results  that  will  be  of  interest 
to  Dr.  Miller,  whose  independent  investigation  touches  the  same  subject. 

For  a  report  on  the  studies  on  diatoms  carried  out  at  Tortugas  by  Dr. 
Albert  Mann  and  Mr.  P.  S.  Conger  see  page  283. 

1  Situated  at  Tortugas,  Florida. 
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REPORTS  OF  INVESTIGATORS. 

Breeding  Experiments  with  Cerions,  by  Paul  Bartsch. 

Dr.  Bartsch  spent  the  period  between  the  last  call  of  the  Anton  Dohrn  at 
Key  West  and  the  closing  of  the  laboratory,  August  12-24,  1925,  at  the  Tor- 
tugas,  largely  upon  work  on  his  Cerion  colonies. 

The  greatest  interest  in  our  Cerion  breeding  work  centers  in  the  little 
islets  made  last  year  by  placing  concrete  trenches  filled  with  water  around 
four  6  by  6  feet  areas  and  eight  3  by  3  feet  spaces. 

In  the  first  of  the  larger  of  these  areas  we  placed  last  year  25  Cerion  incanum 
and  25  Cerions  of  a  new  species.  Of  these,  22  Cerion  incanum  and  18  of  the 
new  species  were  found  dead  in  the  inclosure  this  year.  In  spite  of  the 
great  mortality,  very  small  young  individuals  were  present.  It  is  to  be  hoped 
that  some  of  these  may  reach  maturity  and  may  show  crossing. 

In  the  second  inclosure  we  had  placed  25  Cerion  incanum  and  25  Cerion 
chrysalis.  Eleven  of  the  Cerion  incanum  and  12  of  the  Cerion  chrysalis  were 
found  dead,  but  here,  too,  young  were  in  evidence. 

In  the  third  inclosure  we  had  placed  25  Cerion  incanum  and  25  Cerion 
mummia.  Of  the  Cerion  incanum  16  were  found  dead  and  17  of  the  Cerion 
mummia.    Here,  too,  young  were  in  evidence. 

In  the  fourth  inclosure  we  had  placed  25  Cerion  incanum  and  25  Cerion 
tridentatum;  13  of  the  Cerion  incanum  and  10  of  the  Cerion  tridentatum  were 
found  dead.     Young  also  were  present  in  the  inclosure. 

In  the  eight  smaller  inclosures  in  which  we  had  placed  a  young  specimen  of 
each,  Cerion  incanum  and  Cerion  viaregis,  it  was  deemed  wise  not  to  disturb 
the  vegetation  or  sand  to  discover  their  fate.  In  some,  living  individuals  were 
seen;  in  others,  dead  specimens  were  in  evidence.  Next  year  we  will  examine 
these  islets  in  detail. 

The  colonies  which  we  introduced  on  the  top  of  Fort  Jefferson  last  year  also 
showed  considerable  mortality,  also  considerable  living  specimens.  Here  too 
it  was  deemed  best  not  to  disturb  the  ground  as  very  young  forms  have  a 
way  of  burrowing  just  beneath  the  surface  of  the  sand,  and  exposing  them  to 
sunlight  frequently  results  in  killing  them. 

This  year  the  large  cages  made  two  years  ago  were  cut  down  to  the  mere 
4-inch  base  boards  and  tops.  We  buried  these  a  bit  around  the  edge,  then 
tacked  a  narrow  strip  of  monel  wire  screening  to  the  upper  edge,  allowing 
about  13^2  inches  to  project  inward.  Seventy -five  of  these  inclosures  were 
made,  which  are  3  by  3  feet.  These  were  provided  with  the  usual  plants,  and 
in  each  we  placed  a  specimen  of  Cerion  incanum  and  Cerion  viaregis.  We  hope 
that  these  plantings  will  at  last  furnish  the  much  desired  cross  of  individual 
pairs. 

All  the  colonies  of  Bahama  Cerions  are  doing  well  and  spreading  rapidly 
beyond  their  original  areas,  except  the  one  from  San  Salvador,  planted  two 
years  ago,  in  which  considerable  mortality  has  manifested  itself.  The  colony 
of  Cerion  uva  from  Curacoa,  however,  is  about  gone,  and  Cerion  crassilabre 
from  Porto  Rico  will  probably  not  survive. 

On  August  25  we  visited  Newfound  Harbor  Key  and  here  found  the  hybrid 
colony  of  Cerion  incanum  and  Cerion  viaregis  doing  well.  We  gathered  100 
specimens  showing  great  diversity  in  size,  sculpture,  and  coloring,  for  dissec- 
tion at  Washington  and  it  is  to  be  hoped  that  we  may  be  able  to  finish  the 
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dissection  of  70  more  of  these  hybrids,  30  having  been  completed,  so  that  we 
may  publish  a  report  based  on  100  dissections.  The  30  specimens  already 
dissected  show  an  enormous  diversity  and  modification  of  the  internal  anatomy 
from  the  types  planted,  produced  by  hybridization. 

During  his  stay  at  the  Tortugas  Dr.  Bartsch  kept  a  record  of  the  birds  from 
day  to  day.  This  was  also  done  on  the  other  Keys  visited.  He  likewise 
exposed  1,600  feet  of  moving  picture  film  under  sea,  which  he  hopes  will  show 
some  of  the  faunal  associations  found  on  the  coral  reefs  at  the  Tortugas. 

Studies  on  Anthozoan  Polyps,  by  H.  Boschma. 
Digestion. 

The  greater  part  of  the  work  was  done  with  Mceandra  areolata,  a  very 
common  species  at  Tortugas.  The  polyps  of  this  species  during  the  day- 
time are  usually  in  a  contracted  state,  but  they  will  fully  expand  when  placed 
in  darkness.  The  polyps  readily  feed  upon  animal  matter,  which  in  the 
greater  part  of  the  experiments  consisted  of  meat  of  the  foot  of  Strombus 
gigas.  Food  mixed  with  foreign  matter,  as  lamp  black  or  certain  stains, 
was  eagerly  ingested  by  the  polyps,  especially  by  those  which  had  been  in 
the  laboratory  for  a  few  days  without  having  been  fed.  By  mixing  the  food 
with  different  indicators,  it  could  be  shown  that  immediately  after  the  feeding 
the  food-vacuoles  had  a  slightly  acid  reaction  (pH  =  about  5).  This  reaction 
remained  for  4  or  5  days  and  then  gradually  passed  to  an  alkaline  one. 
Afterwards  the  coloring  matter  was  removed  as  minute  compact  particles. 

A  great  quantity  of  colored  vacuoles  was  found  in  the  organs  for  digestion 
(the  region  of  the  mesenteries  which  is  close  to  the  free  edge  with  its  numerous 
nematocysts)  after  feeding  with  meat  mixed  with  colored  matter.  In  this 
same  region  in  freshly  collected  polyps  a  large  amount  of  zooxanthellae  is 
always  present,  a  considerable  number  of  which  have  lost  their  normal 
appearance.  All  the  different  stages  between  normal  zooxanthellse  and  the 
last  stages  of  the  disintegration  of  these  algae  may  be  found  here,  indicating 
that  a  large  part  of  the  symbiotic  algae  is  constantly  being  digested  by  the 
polyps. 

In  Eusmilia,  as  in  Mceandra,  the  normal  food  is  for  a  large  part  derived 
from  the  unicellular  algae  which  live  in  the  tissues  of  the  polyps. 

In  Zoanthids  (Palythoa,  Zoanthus)  and  in  Gorgonians  (Briareum)  the 
zooxanthellae  also  form  an  important  source  of  food.  They  are  always  found 
in  various  stages  of  disintegration  in  the  digestive  organs  of  the  polyps. 
The  reaction  of  the  digestive  vacuoles  could  not  be  determined  as  the  polyps 
of  these  animals  refused  to  ingest  meat  mixed  with  coloring  matter. 

Although  the  polyps  of  Gorgonians  are  as  largely  dependent  upon  their 
symbiosis  with  zooxanthellae  for  their  food  supply  as  are  the  madreporarian 
polyps,  the  manner  of  infection  of  the  young  stages  is  different.  The  newly 
hatched  planulae  of  madreporarian  polyps  contain  numerous  zooxanthellae, 
whereas  the  planulae  of  Briareum  and  those  of  another  Gorgonian  (collected 
in  the  plankton)  were  quite  free  of  these  algae.  They  must  therefore  infest 
themselves  in  a  later  stage,  but  as  the  rearing  of  these  Gorgonian  larvae  did 
not  succeed,  this  stage  could  not  be  determined. 

POSTEMBEYONIC   DEVELOPMENT. 

On  July  19  and  following  days  many  of  the  colonies  of  Mceandra  areolata, 
which  were  found  on  the  reef,  contained  a  large  number  of  planulae.     These 
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were  put  in  glass  vessels  containing  a  quantity  of  slides,  and  in  a  few  cases 
cover-glasses  were  floated  on  the  surface.  After  two  days  many  larvae  were 
found  attached  to  the  slides  and  the  cover-glasses  and  these  were  reared  in  a 
tank  with  running  sea-water. 

Six  complete  mesenteries  and  traces  of  two  smaller  ones  were  present  in 
the  recently  attached  larvae.  On  the  third  day  12  mesenteries  had  developed, 
6  of  which  reached  the  stomodaeum;  4  to  7  days  after  attachment  of  the  larvae 
the  6  primary  tentacles  had  grown  out  as  small  papillae  which  contained  a 
number  of  nematocysts  in  their  apical  parts.  In  the  second  week  3  secondary 
tentacles  were  visible  and  in  the  third  week  the  3  other  tentacles  of  the 
second  cycle  developed. 

Two  or  three  days  after  attachment  the  first  traces  of  the  skeleton  were 
to  be  found,  consisting  of  the  theca  and  the  6  septa  of  the  first  cycle.  In 
the  beginning  the  septa  were  not  connected  with  the  theca.  One  or  2  days 
after  the  appearance  of  the  septa  of  the  first  cycle  the  6  septa  of  the  second 
cycle  developed,  these  latter  corresponding  in  place  with  the  6  primary 
tentacles.  Three  weeks  after  the  attachment  of  the  larvae  the  septa  for  the 
greater  part  had  fused  in  the  center  of  the  corallum  and  formed  the  first 
traces  of  the  columella.  There  was  still  a  difference  in  size  between  those  of 
the  first  cycle  and  those  of  the  second.  These  12  septa  had  now  fused  with 
the  theca.  In  some  polyps  the  very  first  traces  of  the  septa  of  the  third 
cycle  were  visible. 

Efforts  made  to  find  rhizocephalan  crustaceans  at  Tortugas  were  without 
results.  More  than  900  crabs,  collected  at  different  places,  were  examined 
but  none  was  parasitized  by  Sacculina.  No  Peliogastrid  was  found  on  any 
of  about  50  hermit  crabs  removed  from  their  shells  for  this  purpose.  A 
search  for  Thompsonia  was  made  in  Synalpheus  which  could  be  obtained  in 
large  quantities  from  the  loggerhead  sponges  (cf.  Year  Book  No.  7,  1908, 
p.  128),  but  the  only  parasites  found  were  Bopyrids  (among  the  523  specimens 
of  Synalpheus  examined  37  specimens  were  bearing  Bopyrids). 

Preliminary  Report  on  Development  and  Behavior  of  Larval  Ascidians  and 
Periodicity  in  Spawning  of  Certain  Marine  Invertebrates,  by  Caswell  Grave. 

During  the  period  between  June  14  and  July  26,  work  was  continued  on 
the  development  and  activities  of  the  larval  forms  of  ascidians  and  on  a 
survey  of  animals  that  show  marked  periodicity  in  spawning. 

ECTEINASCIDIA. 

By  reference  to  the  report  of  work  done  last  year,  printed  in  Year  Book 
No.  23,  pp.  189-190,  it  will  be  noted  that  colonies  of  Ecteinascidia  liberated 
larvae  of  two  distinct  types  which  were  distinguished  by  marked  differences 
in  size,  method  of  locomotion,  reactions  to  light  and  gravity,  duration  of 
free-swimming  period,  and  metamorphic  change.  The  conclusion  was  then 
reached  on  the  basis  of  the  facts  in  hand  that,  either  the  species  under  observa- 
tion (presumably  E.  turbinata  since  it  is  the  only  representative  of  this 
genus  known  to  occur  in  the  West  Indian  region)  exhibits  a  remarkable 
dimorphism  in  its  larval  form,  or  two  distinct  species  of  Ecteinascidia  are 
involved  that  are  so  similar  in  external  characters  and  habitat  as  not  to  be 
easily  distinguished.     The  question  was  further  complicated  during  the  year 
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by  the  publication  of  a  paper  by  Dr.  C.  S.  Simkins  on  Origin  of  the  Germ 
Cells  in  Ecteinascidia  (Jour.  Morph.,  vol.  39)  in  which  the  larva  of  E.turbinata 
is  sufficiently  described  to  show  that  this  species  produces  a  larva,  in  the 
Bermuda  region,  that  is  as  different  from  each  of  the  Ecteinascida  larvae 
liberated  at  the  Tortugas,  as  these  larvae  are  from  one  another. 

More  critical  examinations  of  adult  individuals  of  the  species  made  this 
year  and  more  extensive  collections  establish  the  fact  that  the  genus  Ecteinas- 
cidia is  represented  at  the  Tortugas  by  at  least  three  species,  of  which  one  is 
the  E.  turbinata  of  Herdman,  while  two  are  undescribed.  E.  turbinata, 
apparently  rare  in  occurrence,  was  not  taken  last  year,  and  two  small  colonies 
only  were  found  this  season,  neither  of  which  contained  embryos.  Both  of 
the  undescribed  species  occur  in  great  numbers  attached  to  calcareous  algae, 
shells,  and  coral  rock  in  the  moat  of  Fort  Jefferson.  The  only  external 
character  in  which  a  consistent  difference  in  the  individuals  of  the  two  unde- 
scribed species  was  noted  is  the  number  of  papillae  at  the  margin  of  the  oral 
and  atrial  siphons.  In  all  other  characters  and  in  habitat  the  two  species  so 
overlap  and  grade  into  each  other  as  to  warrant  their  being  described  as  a 
single  species.  The  sure  criterion  of  their  specific  independence  is  that 
afforded  by  the  difference  in  their  larval  forms.  These  two  species  are  of 
more  that  ordinary  interest  because  they  present  a  concrete  case  in  which  it 
is  evident  that  evolution  has  taken  place  at  a  much  more  rapid  rate  in  the 
larva  than  in  the  adult,  a  fact  which  might  indeed  have  been  predicted,  since 
the  environmental  contacts  of  the  larva  are  more  varied  and  numerous  than 
those  of  the  adult,  but  which  gains  validity  only  when  the  prediction  is 
fulfilled. 

Drawings  of  typical  individuals  of  each  species  were  made  from  life  by 
Mr.  J.  M.  Valentine  which  will  be  used  as  illustrations  for  the  paper  in  which 
the  species  and  the  structure  and  activities  of  both  larvae  will  be  described. 

Symplegma. 

A  species  of  compound  ascidian  belonging  to  the  genus  Symplegma,  pro- 
visionally identified  as  S.  viride  brakenhielmi,  occurs  in  many  localities  in 
the  Tortugas  region  but  is  especially  abundant  in  the  vicinity  of  Loggerhead 
Key  at  depths  of  8  to  15  feet,  where  it  grows  on  the  stems  and  fronds  of  a 
species  of  Sargassum. 

This  species  was  selected  for  study  because  of  its  close  affinities  with 
Botryllus  and  with  the  anticipation  that  a  study  of  the  structure  and  activities 
of  the  Symplegma  larva  will  throw  light  on  the  problem  of  the  homologies  of 
the  sense  organ  and  nervous  system  of  the  larva  of  Botryllus  which  apparently 
are  fundamentally  unlike  corresponding  structures  of  the  larvae  of  ascidians 
of  other  groups. 

Last  year  all  attempts  to  get  larvae  from  colonies  of  Symplegma  failed,  but 
this  year  those  brought  into  the  laboratory  liberated  a  limited  number. 
From  observations  of  these,  notes  were  made  on  the  responses  of  the  larva 
to  light,  gravity,  and  contacts,  its  method  of  locomotion  and  the  duration  of 
its  free-swimming  period.  A  number  of  larvae  and  metamorphosed  ascidio- 
zoids  were  preserved  for  later  study  of  their  morphology. 

The  similarity  of  the  behavior  of  the  Symplegma  larva  to  that  of  Botryllus 
is  striking  and  such  of  the  structure  of  its  sense  organ  as  could  be  observed 
in  the  living  larva  indicates  that  it  is  of  the  same  type  as  that  of  Botryllus. 
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A  few  only  of  the  larvse  kept  under  continuous  and  timed  observation  under- 
went metamorphosis,  but  from  these  it  is  evident  that  the  period  of  larval 
life  is  much  longer  in  Symplegma  than  in  Botryllus.  The  data  collected, 
when  plotted  in  the  form  of  a  frequency  curve,  indicate  a  free-swimming 
period  varying  from  about  1  to  16  hours  with  the  average  or  mode  of  about 
4  hours. 

Phallusia  nigra  (Ascidia  atra). 

Some  attention  was  given  to  the  development  of  Phallusia  nigra,  three 
aspects  of  which  will  be  referred  to  in  this  report:  Rate  of  development, 
self  and  cross  fertilization,  and  an  unusual  structural  characteristic  of  the 
attached  ascidiozooid. 

Rate  of  development. — The  rate  at  which  developmental  processes  take 
place  in  all  ascidians  is  notably  rapid,  but  in  Phallusia  nigra,  the  rapidity 
with  which  the  egg  is  converted  into  a  highly  specialized  and  functional 
chordate  is  probably  unparalleled  and  is  perhaps  worthy  of  record.  The 
first  cleavage  furrow  appears  from  30  to  35  minutes  after  insemination  of  the 
eggs,  and  the  fully  formed  larva  bursts  the  chorionic  membrane  after  from 
6  hours  and  38  minutes  to  7  hours,  the  temperature  of  the  air  varying  from 
90°  to  93°  F.  during  the  period  of  development. 

Cross  and  self  fertilization. — In  the  adult  Phallusia  the  oviduct  and  sperm 
duct  are  so  embedded  in  the  substance  of  the  body  and  so  closely  applied 
to  each  other  that  it  has  not  been  possible  to  get  eggs  from  an  individual 
without  at  the  same  time  getting  sperms  also,  hence  the  impossibility  of 
avoiding  conditions  under  which  self  fertilization  may  occur,  provided  eggs 
and  sperms  are  mature  at  the  same  time  in  the  same  individual,  as  they 
were  in  all  cases  examined. 

Conditions  under  which  cross  fertilization  may  take  place  were  provided 
in  the  cases  of  a  few  lots  by  placing  the  animal,  before  its  oviduct  was  punc- 
tured, in  a  dish  of  water  to  which  sperms  from  another  individual  had  pre- 
viously been  added,  but  under  such  conditions  self  fertilization  is  not  pre- 
vented and  cross  fertilization  is  not  assured.  Cross  fertilization  will  occur 
only  in  case  there  is  greater  affinity  between  eggs  and  sperms  of  different 
individuals  than  exists  between  eggs  and  sperms  of  the  same  individual. 
Of  this  in  Phallusia  nothing  is  known.  In  Phallusia  no  cortical  block  to  self 
fertilization  was  found  to  exist;  that  is,  in  every  case  in  which  it  was  tried, 
15  in  all,  practically  100  per  cent  of  the  eggs  developed.  The  possibility  of 
cross  fertilization  was  prevented  in  each  case  by  sterilizing  with  fresh 
water  all  dishes  and  instruments  used. 

Interest  attaches  to  the  results  obtained  from  self  fertilization  because, 
while  in  some  cases  no  evidence  of  the  existence  of  any  block  to  fertilization 
or  at  any  point  in  development  was  found,  in  other  cases,  after  normal 
development  had  continued  for  several  hours,  there  was  evidence  of  internal 
block  to  later  phases  of  development  of  the  embryo,  possibly  concerned  with 
differentiation  of  specialized  cells.  The  evidence  of  this  is  that,  in  these 
cases,  the  late  embryos  could  be  seen  to  become  abnormal  in  appearance 
as  development  proceeded,  and  that  in  some  cases  few  larvae,  in  others, 
none,  were  able  to  hatch,  being  monstrous  in  form  and  failing  to  exhibit 
normal  activities  and  responses. 

Developing  eggs  and  embryos  of  a  lot  in  which  such  a  late  internal  block 
appeared  were  preserved  for  cytological  study. 
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Two  functional  atriopores. — The  ascidian  atrium,  in  its  simplest  mode  of 
development,  originates  as  two  independent  sac-like  invaginations  of  the 
ectoderm,  one  on  either  side  of  the  mid-dorsal  line  of  the  body  posterior  to 
the  rudiment  of  the  oral  siphon.  These  sacs  proper  become  the  right  and 
left  halves  of  the  peribranchial  cavity,  while  their  external  openings  come 
together  in  the  mid-dorsal  line  and  coalesce  to  form  the  single  atrial  siphon. 
As  hitherto  observed  and  described,  this  process  takes  place  during  embryonic 
development  and  is  completed  before  the  larva  hatches.  In  Phallusia  nigra, 
however,  both  atria  remain  separate  and  both  atriopores  are  functional  for 
several  days  after  the  attached  ascidiozooid  has  assumed  the  adult  form 
and  grown  to  many  times  its  original  size.  About  the  seventh  day  after 
metamorphosis  of  the  larva,  the  space-interval  between  the  two  atrial  aper- 
tures gradually  becomes  narrower  and  at  about  the  eighth  or  ninth  day  the 
two  openings  fuse,  to  form  the  single  definitive  atrial  siphon. 

Periodicity. 

Having  noted  last  year  that  a  considerable  number  of  species  of  animals 
spawned  at  the  last  quarter  of  the  July  moon,  apparently  simultaneously 
with  the  Palolo  worm,  attention  was  paid  this  year  to  verification  of  this 
observation  and  to  a  further  effort  to  ascertain  the  identity  of  species  that 
exhibit  such  a  definite  periodic  response. 

The  date  of  the  last  quarter  of  the  July  moon  fell  this  year  on  the  12th, 
hence  the  period  during  which  the  swarming  of  the  Palolo  worm  might  be 
expected  extended  from  the  10th  to  the  14th.  During  this  period  watch 
was  kept  for  the  event  and,  true  to  expectation,  the  Palolo  swarmed  on  the 
morning  of  the  10th  and,  as  is  usual,  spawned  at  sunrise.  No  evidence  was 
found,  however,  that  any  but  the  Palolo  species  had  spawned  at  this  time, 
although  towings  for  eggs  were  made  at  intervals  during  the  day  in  the 
vicinity  of  Loggerhead  Key. 

During  the  day  of  July  13,  and  thus  within  the  interval  when  the  swarming 
of  the  Palolo  may  be  predicted  to  occur,  extensive  islands  of  floating  eggs 
were  encountered  by  the  laboratory  boats  as  they  cruised  about  in  the  vicinity 
of  Loggerhead  Key  and,  toward  evening,  the  water  along  the  entire  eastern 
shore  of  the  key  was  so  filled  with  eggs  that  hundreds  were  present  in  every 
liter.  The  eggs  of  at  least  10  species  were  noted;  that  is,  this  number  was 
readily  distinguished  by  differences  in  size  and  color.  As  was  the  case  last 
year,  the  egg  that  occurred  in  greatest  abundance  was  the  large  pink  one 
then  determined  to  be  that  of  a  gorgonian. 

In  the  absence  of  accurate  notes  and  measurements  of  each  kind  of  egg 
present  on  both  occasions,  the  definite  statement  can  not  be  made  that  the 
species  that  spawned  with  the  Palolo  worm  in  1924  are  the  same  that  spawned 
within  the  Palolo  swarming  period  in  1925,  but  no  doubt  exists  in  the  mind 
of  the  observer  that  at  least  many  of  the  eggs  of  both  lots  were  identical  in 
size,  color,  and  in  relative  abundance,  and  the  prediction  is  ventured  that 
the  same  phenomenon  will  be  found  to  occur  from  year  to  year.  If  a  con- 
siderable number  of  species  of  the  Tortugas  region,  widely  separate  in  system- 
atic position,  are  found  to  exhibit  the  same  definite  annual  periodic  spawning 
response,  an  attractive  opportunity  will  be  presented  for  a  study  and  analysis 
of  the  conditions  by  which  the  response  is  occasioned. 
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All  of  the  eggs,  when  first  examined,  about  3  p.  m.,  were  spherical  in  form 
and  in  the  blastula  stage,  an  indication  that  the  time  they  were  spawned 
(fertilized)  was  the  early  morning  and  was  the  same  in  all. 

Eggs  of  two  kinds  were  isolated  in  considerable  number  in  dishes  for  the 
purpose  of  rearing  the  young  to  a  stage  at  which  their  identity  would  be 
revealed  or  approximated.  It  happened  that  the  two  kinds  selected  for 
rearing,  one  orange-vermilion,  the  other  burnt  umber  in  color,  belonged  either 
to  the  same  or  very  nearly  related  species,  a  fact  that  became  evident  toward 
the  end  of  the  second  day  of  their  development,  when  the  form  and  activities 
of  the  two  differently  colored  larvae  were  seen  to  be  identical.  By  the  end 
of  the  seventh  day  each  larva  had  developed  a  small  star-fish  at  the  posterior 
end  which,  because  of  the  likeness  of  the  larva  and  its  development  to  that 
of  Asterina  gibbosa,  possibly  belongs  the  genus  Asterina,  one  species  of  this 
genus  (A.  folium)  being  common  in  the  Tortugas  region.  For  want  of  time 
no  attempt  to  verify  this  suggestion  was  made.  Several  stages  of  the  develop- 
ing larva  were  preserved  for  further  study. 

Observations  upon  the  Powers  of  Discrimination  and  Association  in  the  Gray 
Snapper,  and  upon  the  Coloration  of  the  Eyes  of  Fishes,  by  W.  H.  Longley. 

Study  of  the  powers  of  discrimination  and  association  of  the  gray  snapper 
{N.  griseus)  was  continued  throughout  a  period  of  50  consecutive  days  by 
the  method  described  in  Year  Book  23  (p.  193).  The  results  obtained  sup- 
port the  conclusion  that  the  snapper  can  be  taught  to  avoid  stinging  banded 
fishes,  but  detailed  discussion  of  results  is  postponed  until  the  matter  may 
be  examined  still  more  closely. 

In  Year  Book  23  (pp.  191-192),  several  species  of  fishes  were  mentioned 
in  which  the  coloration  of  the  eye  and  adjacent  parts  of  the  head  is  such  that 
the  masking  of  eye-movements  seems  definitely  indicated  to  be  its  function. 
The  occurrence  and  nature  of  eye-masking  patterns  have  been  investigated 
this  year  with  the  result  noted  below,  and  drawings  in  color,  illustrating 
notable  cases,  have  been  made  by  Mr.  J.  M.  Valentine. 

There  are  many  species  of  fishes  in  which  the  eyes  are  camouflaged  in 
great  detail.  The  group  is  largely  made  up  of  bottom-haunting  forms,  more 
or  less  sluggish  in  their  habits.  It  includes  Scorpcena  plumieri  and  S.  grand- 
icornis,  Ogcocephalus  radiatus,  Labrisomus  nuchipinne,  and  Emblemaria 
pandionis.  Pterophryne  gibba  has  a  habitat,  and  a  mode  of  life  in  it,  in  many 
respects  like  that  of  bottom  fishes,  and  has  the  same  type  of  eye  pattern. 

The  striking  feature  of  the  eye  coloration  in  these  species  is  that  the  iris 
has  a  pattern,  sometimes  an  elaborate  one,  agreeing  very  closely  in  color 
and  texture  with  that  on  the  membrane  investing  the  eye.  It  is  also  note- 
worthy that  the  investing  membrane  is  colorless  and  transparent  only  before 
the  pupil  and  a  portion  of  the  iris.  It  follows  that  the  eye  may  suffer  con- 
siderable displacement  within  it  without  exposure  of  any  unpatterned  surface. 
Over  the  lateral  surface  of  the  eye,  the  conjunctiva,  apart  from  its  transparent 
center,  agrees  in  color  and  pattern  with  the  skin  of  adjacent  parts  of  the 
head,  with  which  it  may  be  almost  directly  continuous  or  be  connected  only 
indirectly  by  way  of  its  infolded  portion  included  within  the  orbit  and  in- 
visible when  the  eyes  are  in  their  usual  position  of  rest.  In  the  case  of  the 
direct  connection  the  pattern  of  the  conjunctiva  and  skin  is  continuous;  in 
the  case  of  the  indirect  connection  the  conjunctiva  is  marked  with  body 


TORTUGAS   LABORATORY.  229 

color  and  pattern  so  far  beyond  points  revealed  in  the  position  of  rest  that 
such  rolling  of  the  eye  as  may  occur  flashes  no  unpatterned  surface  into 
view  to  attract  attention. 

At  Tortugas  there  are  fishes,  more  numerous  than  those  of  the  group  just 
referred  to,  in  which  a  definite  ocular  stripe,  usually  of  the  width  of  the  pupil, 
crosses  the  eye.  It  may  approach  the  vertical,  or  be  longitudinal,  continuing 
commonly  in  that  case  from  the  snout  to  the  base  of  the  caudal  fin.  It 
occurs  in  three  species  of  the  genus  Chcetodon,  in  Eques  acuminatus,  and  E. 
pulcher,  in  the  striped  phase  of  Upeneus  maculatus,  and  in  several  genera  of 
Hsemulidse.  It  seems  simple,  but  is  actually  composed  of  two  extra-ocular 
portions,  above  and  below,  or  before  and  behind  the  eye;  two  spots  on  the 
conjunctiva  corresponding  with  these  but  not  continuous  with  them;  two 
spots  upon  the  iris  on  opposite  sides  of  the  pupil;  and  by  a  species  of  optical 
illusion  it  includes  the  pupil  itself.  The  spots  upon  the  conjunctiva  are 
partly  concealed  in  the  eye's  position  of  rest.  Their  hidden  parts  maintain 
the  apparent  unity  of  the  ocular  stripe  when  the  eye  is  rolled.  The  whole  is 
in  one  respect  a  more  admirable  mechanism  than  that  appearing  upon  and 
about  the  eyes  of  the  fishes  of  the  first  group,  for  it  hides  even  the  telltale 
excursion  of  the  pupil  with  the  rolling  eye. 

Fishes  in  which  the  conjunctiva  is  clearly  marked  with  the  pattern  appear- 
ing about  the  eye,  and  in  which  more  or  less  of  the  patterned  surface  is  hidden 
in  the  position  of  rest,  but  in  which  the  color  of  the  iris  is  practically  solid, 
include  species  of  Epinephelus,  Myderoperca,  Alphestes,  Petrometopon, 
Neomoenis,  Iridio,  Lachnolaimus,  and  Batistes.  Considered  by  themselves 
the  effect  of  the  eye  markings  of  all  these  species  might  not  force  itself  upon 
one's  attention,  but  when  they  are  reviewed  together  the  justice  of  placing 
them  in  the  same  category  can  not  be  denied.  Some  are  elaborate  and 
unmistakable  examples  of  camouflage,  but  all  are  to  be  explained  in  the 
same  way. 

One  group  only  remains  to  be  mentioned.  This  comprises  fishes  whose 
heads  at  least  are  of  solid  color,  at  the  most  lightening  ventrally  as  part  of 
their  system  of  countershading.  These  include  surface  fishes,  greenish  or 
bluish  above  and  grading  to  silver  on  the  sides  and  belly.  The  eye  in  these 
generally  lies  below  the  dorsal  colored  area,  and  the  iris,  glittering  like  tinsel, 
is  assimilated  as  far  as  possible  into  the  general  metallic  luster  of  the  side. 
Atherina,  Jenkinsia,  Stotephorus,  Tylosurus,  and  Tarpon  are  representative 
genera.  The  young  porkfish  (Anisotremus  virginicus)  and  the  bluehead 
{Thalassemia  bifasciatus)  in  which  brilliant  yellow  and  blue  respectively  color 
the  head,  forepart  of  eye,  and  iris,  are  representative  of  another  type  perhaps 
arbitrarily  included  in  this  array. 

The  essence  of  the  matter  is  this :  Earlier  studies  have  shown  that  in  their 
changeable  colors  and  patterns  we  have  a  physiological  index  to  the  signifi- 
cance of  coloration  in  fishes.  In  a  general  way  their  changes  serve  to  as- 
similate them  to  their  new  surroundings  as  they  move  from  place  to  place. 
In  the  eye-patterns,  in  structure  as  highly  specialized  and  as  clearly  adapted 
to  function  in  a  particular  way  as  are  teeth  or  other  skeletal  structures,  we 
have  now,  it  appears,  a  morphological  index  to  the  function  of  coloration, 
equally  valid  with  the  other.  The  inferences  to  be  drawn  from  the  two  agree. 
One  or  the  other  is  open  to  observation  in  most  tropical  marine  fishes;  in 
the  majority,  it  seems,  the  two  occur  together.     The  eye  colors  and   pat- 
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terns  themselves  commonly  change,  as  changes  occur  in  the  coloration  as  a 
whole.  There  is,  therefore,  no  reasonable  ground  for  doubt  that  camouflage 
is  the  prime  function  of  the  coloration  of  fishes. 

Observations  Upon  the  Food  of  Certain  Tortugas  Fishes,  by  W.  H.  Longley, 
W.  L.  Schmitt,  and  W.  R.  Taylor. 

The  present  investigation  was  undertaken  with  a  two-fold  objective  in 
view.  It  seemed  desirable  to  obtain  from  examination  of  their  food  all  pos- 
sible information  regarding  selected  fishes'  movements  or  habits,  not  open 
to  direct  observation.  More  broadly,  information  was  sought  regarding  the 
relation  of  interdependence  in  which  these  fishes  stand  in  reference  to  other 
fishes,  and  to  the  Crustacea  and  algae. 

Through  the  kindness  of  Dr.  Paul  Bartsch,  Curator  of  the  Division  of 
Mollusks,  U.  S.  National  Museum,  who  has  really  been  a  collaborator  with 
us,  we  have  a  record  of  about  150  mollusks  of  40  species,  taken  for  the  most 
part  from  the  stomachs  of  yellow  grunts.  These  data  are  of  particular 
interest  to  Dr.  Miller,  since  many  of  the  species  are  potential  hosts  of  the 
trematode  larvae,  whose  life  histories  he  has  just  begun  to  study  at  Tortugas, 
and  few  of  the  mollusks  are  included  in  the  series  he  has  so  far  examined. 

For  the  purpose  of  this  study  the  following  species  of  fishes  were  chosen, 
or  were  examined  in  the  numbers  indicated  as  they  happened  to  be  taken  in 
the  catch  of  various  days: 

Gray  Snapper  (Neomsenis  griseus) 264 

Schoolmaster  (N.  apodus) 106 

Yellowtail  (Ocyurus  chrysurus) 25 

Yellow  Grunt  (Haemulon  sciurus) 174 

Sailor's  Choice  (H.  parra) 54 

Common  Grunt  (H.  plumieri) 23 

Spanish  Grunt  (H.  macrostomum) 5 

Yellow  Goatfish  (Upeneus  martinicus) 20 

Blue  Tang  (Teuthis  coeruleus) 25 

Common  Tang  (T.  hepatus) 7 

Various  species  of  Scarus  and  Pseudoscarus 12 

The  tangs  chosen  for  study  may  often  be  seen  feeding  together.  Reasons 
existed,  however,  for  doubting  whether  they  were  as  much  like  one  another 
in  habits  as  casual  observation  would  indicate.  The  mere  anatomical  examina- 
tion of  their  stomachs  reveals  an  additional  ground  for  supposing  that  their 
food  must  be  very  different  or  obtained  with  different  admixture  of  foreign 
matter,  for  that  of  the  blue  tang  is  thin-walled  and  small,  while  the  common 
tang  has  a  large  muscular  stomach  with  very  thick  walls.  Examination  of 
the  stomach  contents  shows  that  they  differ  in  the  two  species  quite  as 
markedly  as  one  would  anticipate  under  the  circumstances.  The  common 
tang  always  has  sand  mixed  in  estimated  amounts  from  75  to  95  per  cent  of 
the  whole  with  the  algae  its  stomach  contains.  The  food  of  the  blue  tang, 
upon  the  other  hand,  is  quite  free  from  such  foreign  material.  The  com- 
bination of  algae  or  other  plants  in  the  stomachs  of  the  two  species,  so  far  as 
studied,  indicated  that  the  blue  tangs  had  fed  upon  the  whole  in  deeper 
water,  and  upon  plants  projecting  more  freely  into  the  water  than  the  shorter 
sand-covered,  turf-forming  species  constituting  a  very  large  part  of  the  food 
of  the  other. 
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At  the  present  moment  the  yellow  goatfish  is  of  interest  chiefly  because 
its  structure,  known  habits,  and  stomach  contents  indicate  that  it  feeds  over 
bare  bottom,  for  the  most  part  sand-covered.  Of  the  20  specimens  ex- 
amined, 5  contained  no  Crustacea.  In  the  stomachs  of  the  others  Portunid 
crabs  and  Albunea  occurred  more  commonly  than  any  other  type,  whether, 
the  count  be  based  upon  the  number  of  fishes  containing  them  or  the  number 
of  Crustacea  that  had  fallen  prey  to  them.  Petrolisthes,  by  contrast,  was 
represented  by  only  one  specimen,  and  the  various  species  of  Miihrax  by 
only  three.  The  significance  of  these  facts  will  appear  in  connection  with 
the  discussion  of  the  food  of  the  two  species  of  Neomcenis. 

The  grunts  and  snappers  occur  together.  All  are  nocturnal  feeders. 
Since  all  day  long  they  seem  to  show  much  the  same  degree  of  inactivity 
and  do  such  things  as  they  do  in  much  the  same  way,  while  their  range  of 
colors  and  patterns  is  great,  it  is  natural  at  first  to  entertain  the  view  that 
their  coloration  is  uncorrelated  with  their  habits  and  of  relatively  little 
biological  importance.  The  study  of  their  food  indicates,  however,  a  dif- 
ference or  differences  in  specific  adjustment  to  environment  commensurate 
with  their  differences  in  coloration.  When  this  is  coupled  with  other  known 
facts  it  becomes  clear  that  it  is  much  more  than  a  mere  possibility  that  the 
coloration  of  each  is  adapted  in  general  to  its  actual  distribution  in  nature. 

Both  snappers  and  grunts  feed  freely  upon  Crustacea.  From  their  stomachs 
Dr.  Schmitt  has  taken  this  year  specimens  of  not  less  than  8  decapods  not 
included  in  his  earlier  collections.  There  is,  however,  a  great  difference 
between  the  types  of  Crustacea  eaten  most  freely  by  grunts  and  snappers 
respectively.  The  former  feed  freely  upon  amphipods,  isopods,  and  ostracods, 
which  are  only  rarely  eaten  by  the  latter.  Among  themselves  the  grunts 
differ  in  some  respects  almost  as  widely  as  they  differ  as  a  group  from  the 
snappers.  The  difference  is  especially  striking  when  the  yellow  grunt  is  com- 
pared with  the  sailor's  choice,  since  of  174  specimens  of  the  former  only  4 
failed  to  contain  evident  crustacean  remains,  usually  in  relatively  large 
amount;  while  in  54  specimens  of  the  latter,  taken  on  different  days  at 
widely  separated  points  on  the  reef,  careful  examination  failed  to  reveal  any 
crustacean  remains  in  12  individuals,  and  the  quantity  discovered  in  a 
number  of  others  was  small.  Annelids  make  good  in  large  part  the  dis- 
crepancy in  the  crustacean  food  of  the  two. 

The  food  of  the  two  snappers  is  hightly  distinctive.  In  the  stomachs  of 
204  gray  smappers  taken  largely  at  the  same  places  and  times  as  106  school- 
masters, there  were  discovered  only  8  undoubted  specimens  of  Miihrax 
coryphe,  while  in  the  schoolmasters  there  were  65.  The  numbers  of  fishes 
which  had  obtained  this  species  of  crab  were  respectively  8  and  33,  which 
are  3.9  and  31.1  per  cent  respectively  of  the  totals  involved.  Petrolisthes 
galathinus  served  even  more  conclusively  as  an  index  of  difference  in  the 
activities  of  the  two  fishes  concealed  from  direct  observation.  For  only  one 
undoubted  record  of  this  species  in  the  gray  snapper's  food  occurs  (to  which 
may  be  added  another  doubtful  one),  while  37  of  the  schoolmasters  contained 
76  specimens.  Expressed  in  percentages,  it  appears  that  Petrolisthes  was 
taken  by  0.76  per  cent  of  the  gray  snappers  and  by  34.7  per  cent  of  the 
schoolmasters.  By  contrast  Portunid  crabs  occur  in  a  much  higher  percent- 
age of  the  gray  snappers  than  they  do  in  the  schoolmasters.  As  the  record 
stands  it  shows  189  Portunids  in  92  of  the  264  gray  snappers,  as  opposed  to 
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13  in  7  at  most  of  106  schoolmasters,  which  gives  in  the  two  cases  34.8  per 
cent  and  6.6  per  cent. 

That  this  difference  is  not  due  to  choice  of  food  by  the  two  species  from 
similar  forms  equally  available  to  both,  seems  to  be  indicated  by  the  fact 
that  17  or  18  of  the  gray  snapper's  stomachs  contained  25  or  27  specimens 
of  the  following  sand  or  mud-haunting  forms,  i.  e.,  Euryplax,  Gebia,  Cal- 
lianassa,  and  Albunea,  of  which  not  a  single  specimen  was  found  in  any  one 
of  the  schoolmasters  examined. 

When  they  were  compared  with  one  another,  conspicuous  differences 
appeared  in  the  stomach  contents  of  fishes  from  the  different  colonies  of 
gray  snappers  studied.  These  were  so  unlike,  while  keeping  within  the 
general  type  peculiar  to  the  species,  that  it  would  be  possible  to  determine, 
from  an  average  sample  of  10,  from  which  of  the  7  different  sites  from  which 
fishes  were  taken  those  in  question  had  come.  This  may  mean  that  the 
ranges  of  individuals  are  limited,  and  that  their  nocturnal  excursions  for 
food  do  not  lead  them  far  from  the  particular  groups  of  coral  heads  or  other 
foci  about  which  they  congregate  during  the  day. 

In  brief,  then,  our  month's  study  has  thrown  much  light  on  problems  in 
which  we  are  immediately  interested.  Above  all,  however,  we  are  impressed 
with  the  need  for  more  intensive  study  of  the  local  distribution — the  micro- 
geographical  distribution — of  our  fixed,  or  more  sedentary  material,  the 
algae,  Crustacea,  and  mollusks,  before  the  specific  difference  in  range  of  the 
fishes  may  be  determined  with  approximate  accuracy. 

Preliminary  Report  on  the  Larval  Trematodes  infesting  Certain  Mollusks  from 
Dry  Tortugas,  by  Harry  M.  Miller  jr. 

Almost  no  studies  have  been  made  on  marine  larval  trematodes  from 
tropical  or  subtropical  waters;  indeed  relatively  little  work  has  been  done 
on  marine  larvae  from  any  region.  Pelseneer's  (1906)  studies  on  larvae  from 
the  northern  coast  of  France  and  those  of  Lebour  (1912)  from  the  coast  of 
England  are  the  most  extensive  investigations,  in  addition  to  Sinitsin's  (1911) 
descriptions  of  a  number  of  larvae  from  the  Black  Sea,  which  are  the  most 
detailed,  both  in  text  and  figure.  In  this  country  Tennent  (1906)  traced 
the  life  history  of  Bucephalus  haimeanus,  and  Linton  (1915)  found  several 
cercariae  at  Woods  Hole.  More  recently  the  author  has  studied  five  species 
of  marine  larvae  found  in  a  survey  of  the  gastropods  of  the  Puget  Sound  region; 
and  in  collaboration  with  Miss  F.  E.  Northup  has  traced  the  seasonal  infesta- 
tion in  more  than  8,000  specimens  of  Nassa  obsoleta  Say,  from  one  locality 
at  Woods  Hole,  extending  over  a  period  of  12  months. 

No  larval  forms  have  been  described  from  Tortugas  mollusks.  Linton 
has  described  more  than  60  species  of  adult  trematodes  from  the  fishes  and 
turtles  (Carnegie  Inst.  Wash.  Pub.  No.  133),  and  Pratt  has  reported  others. 
During  the  summer  of  1924  the  latter  investigator  examined  40  specimens  of 
reef  snails  (15  species)  and  reported  finding  one  species  of  cercaria,  in  Astrcea 
americana  (Year  Book  No.  23).  No  description  of  this  larva  was  given,  but 
it  is  probably  one  of  the  two  species  found  in  this  snail  host  during  the  present 
investigation. 

In  the  course  of  6  weeks,  from  June  1  to  July  12,  1925,  4,341  mollusks, 
mostly  gastropods,  belonging  to  33  genera,  including  50  species  and  varieties, 
were  examined  by  the  author.     The  object  of  this  survey  was  twofold:  first, 
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to  determine  to  what  degree  the  mollusks  of  this  region  are  infested  and  to 
describe  the  larval  trematodes  found,  and  second,  to  find  a  ready  source  of 
cercarise  suitable  for  physiological  experiments  bearing  on  life-history  problems. 
Larval  trematodes  are  of  especial  interest  among  worm  parasites  in  that  they 
have  many  specialized  larval  structures,  the  most  striking  of  which  is  the 

Table  I. 


Number 
examined. 


2 

4 

5 

50 

386 

295 

1 

25 

75 

110 

40 

64 

31 

223 

1 

14 

8 

2 

30 

52 

1 

4 

1 

15 

211 

22 

1 

8 

2 

6 

145 

512 

153 

46 

29 

25 

19 

15 

93 

127 

118 

69 

8 

159 

608 

481 

3 

40 

2 

4,341 


Molluak  species. 


Acmaea  punculata  Gmel 

Area  (Barbatia)  barbata  L 

Area  occidentalis  L 

Area  umbonata  L 

Astraea  americana  Gmel 

Astrsea  longispina  Lam 

Cassis  madagascarensis 

Cerithium  algicola  C.  B.  Ad 

Cerithium  litteratum  Born 

Cerithium  minimum  nigrescens  Mke 

Chama  macerophylla  Gmel 

Columbella  mercatoria  L 

Conus  mus  Hwass 

Crepidula  aculeata  Gmel 

Cypraea  cinerea  Gmel 

Cypraea  exanthema  L 

Fasciolaria  gigantea  Kien 

Fulgur  perversum  L 

Glyphis  listeri  Orb 

Latirus  cingulif erus  Lam 

Lima  caribaea  Orb 

Lima  (Ctenoides)  scabra  Born 

Lima  (Mantellum)  antillensis  Dall 

Lithophaga  (Diberus)  biculcata  Orb 

Littorina  angulifera  Lam 

Littorina  zigzag  Dillw 

Lucapina  (Chlamydoglyphis)  cancellata  Sby . 
Lucapina  (Chlamydoglyphis)  elongata  Phil .  . 

Mitra  barbadensis  Gmel 

Modulus  modulus  L 

Nerita  peloronta  L 

/Nerita  tessellata   Gmel 

[Nerita  tessellata  praecognita  C.  B.  Ad 

Nerita  versicolor  Lam 

Nitidella  nitidula  Sby 

Omphalius  indusii  Gmel 

Pedalion  alatum  Gmel 

Pedalion  bicolor  C.  B.  Ad 

Pinna  carnea  Gmel 

Pinctada  radiata  Leach 

Siphonaria  alternata  Say 

Sistrum  nodulosum  C.  B.  Ad 

Strombus  gigas  L 

Strombus  bituberculatus  L 

Tectarius  muricatus  L 

Tectarius  trochiformis  Dillw 

Thais  deltoidea  Lam 

Thais  haemastoma  L 

Tritonidia  tincta  Conr 

Ultimus  gibbosus  L 


Number 
infested. 


17 
1 


1 
13 


45 


Percentage 
infestation. 


4.4 
0.3 


4.0 
17.3 


4.7 
2.2 


3.3 


20.0 


0.2 


6.3 

Average. 
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frequently  extremely  modified  tail,  which  are  discarded  or  degenerate  at  the 
beginning  of  post-larval  development.  The  function  of  these  structures 
and  the  physiology  of  the  cercaria  have  not  been  extensively  studied. 

Collections  of  mollusks  were  made  from  as  many  different  localities  and  in 
as  large  numbers  as  was  possible.  The  principal  collecting  ground  was  Bird 
Key  Reef,  where  gastropods  are  most  numerous  and  more  species  represented 
than  in  any  of  the  other  regions  surveyed.  The  species  of  Littorina  and 
Tectarius  were  found  only  on  the  walls  of  the  moat  at  Fort  Jefferson  on 
Garden  Key,  and  most  of  the  bivalves  examined  were  removed  from  the  coal 
wharves  at  the  same  place.  On  portions  of  the  west  shore  of  Loggerhead  Key 
a  number  of  species  of  gastropods  were  found,  and  the  bivalve  Pinna  cornea 
was  collected  from  shallow  water  off  shore.  Dredging  with  the  yacht  Anton 
Dohrn  south  of  Loggerhead  Key,  in  water  down  to  37  fathoms,  did  not  prove 
profitable,  as  only  a  few  mollusks  were  secured ;  shallow-water  dredging  in  the 
immediate  vicinity  of  the  laboratory  yielded  but  few  mollusks  and  none  of  these 
was  infested.  In  only  9  of  the  50  species  of  mollusks  examined  were  larval 
trematodes  found,  while  in  the  Puget  Sound  survey  referred  to  above  6  out  of 
15  species  were  infested.  The  fact  that  no  cercarise  were  found  in  the  greater 
number  of  mollusk  species  from  each  locality  is  probably  due,  at  least  in  part, 
to  the  small  number  available  for  examination,  since  there  is  a  relatively  low 
average  percentage  of  infestation  among  marine  gastropods. 

A  comparison  of  the  Tortugas  survey  with  that  made  at  Puget  Sound 
shows  that  in  the  latter  region  the  infestation  is  heavier. 

Per  cent. 

Average  infestation  of  9  species  of  mollusks  at  Tortugas 6.3 

Average  infestation  of  6  species  of  mollusks  at  Puget  Sound 8.9 

Infestation  of  8452  Nassa  obsoleta  from  Woods  Hole 5.1 

Total  infestation  of  4,341  Tortugas  mollusks  (50  species) 1.0 

Total  infestation  of  1,193  Puget  Sound  mollusks  (15  species) 3.8 

At  least  13,  and  possibly  15,  species  of  larval  trematodes  were  found  in 
the  9  mollusk  hosts,  of  which  all  but  one  are  gastropods.  Because  of  the 
fact  that  7  of  the  larvae  were  each  found  only  once,  in  four  instances  so  late 
in  the  day  that  little  time  remained  for  study  of  living  material,  descriptions 
will  not  be  published  until  they  are  studied  further.  Accordingly,  they 
have  been  designated  by  the  letters  A  to  0  in  this  preliminary  report. 

The  infestation  varies  from  0.2  per  cent  to  20  per  cent,  with  an  average 
of  6.3  per  cent.  As  has  already  been  noted,  this  is  considerably  lower  than 
that  found  at  Puget  Sound,  where  the  mollusks  are  more  numerous,  although 
perhaps  represented  by  fewer  species.  Astrcea  americana,  Cerithium  lit- 
teratum,  Columbella  mercatoria,  Pinna  carnea,  and  Thais  deltoidea  are  the 
only  common,  easily  collected  mollusks  which  were  found  to  harbor  larval 
trematodes.  Astrcea  longispina,  though  common  in  certain  localities,  was 
only  once  infested  with  immature  sporocysts.  None  of  the  many  individuals 
of  Littorina,  Nerita,  and  Tectarius  examined  were  infested.  From  the  table 
it  will  be  seen  that  5  of  the  mollusk  species  harbored  only  a  single  species  of 
larval  trematode,  3  were  parasitized  with  2  species  of  larvae,  and  in  1,  Ceri- 
thium litter atum,  4  different  cercarise  were  found.  This  last  is  the  most 
interesting  of  the  mollusk  hosts,  both  because  of  its  trematode  parasites  and 
because  it  was  found  living  only  on  or  around  the  colonies  of  living  Porites. 
A  study  of  the  association  of  invertebrates  and  vertebrates  with  the  Porites 
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beds  offers  a  promising  first  line  of  attack  in  an  attempt  to  work  out  a  life 
history  experimentally. 

A  brief  description  of  each  larva  found  is  given  below;  these  data  are 
derived  entirely  from  a  study  of  living  material.  In  some  cases  important 
details  are  lacking,  partly  for  the  reason  mentioned  above  and  partly  because 
total  mounts  and  sectioned  material  have  not  yet  been  studied. 

Table  II. 


Mollusk  host  and 
Trematode  parasite. 

Number  of 
times  found. 

Percentage  of 
infested  mollusks. 

Astrsea  americana: 

8 
9 

1 

4 
2 
6 
1 

1 

2 
1 

1 
4 

1 

3 

1 

2.1 
2.3 

0.3 

5.3 

2.6 
8.0 
1.3 

4.0 

3.1 
1.6 

0.4 

1.8 

3.3 

20.0 

0.2 

Cercaria  B 

Astrsea  longispina: 

Cercaria  C 

Cerithium  litteratum: 

Cercaria  D 

Cercaria  G 

Cerithium  algicola: 

Columbella  mercatoria: 

Cercaria  J 

Crepidula  aculeata: 

Cercaria  K 

Cercaria  L 

Glyphis  listeri: 

Cercaria  M 

Pinna  carnea: 

Cercaria  N 

Thais  deltoidea: 

Cercaria  0 

From  Bird  Key  Reef  and  vicinity,  Cerearise  A-I,  M,  O. 
From  coal  wharf  on  Garden  Key,  CercarisB  K,  L. 
From  west  shore  of  Loggerhead  Key,  Cerearise  J,  N. 

Cercaria  A. 

Large  cotylicercous  ("stumpy-tail")  larva  with  8  conspicuous  larval 
glands,  developing  in  elongate  sporocysts  in  gonad  of  Astrosa  americana. 
Sporocysts  very  active,  reaching  a  length  of  3  mm. ;  much  orange-yellow  pig- 
ment present.  Oral  sucker  about  the  same  size  as  ventral  sucker,  and  fur- 
nished with  a  small  single-pointed  stylet.  Short,  club-shaped  gut  with 
pharynx.  Eight  larval  glands  easily  counted  in  living  cercaria  with  low 
magnification,  in  contrast  to  most  other  cotylicercous  cercariee  studied;  no 
selective  staining  of  glands  with  intra-vitam  neutral  red.  Conspicuous  cone- 
shaped  excretory  vesicle  with  thick  walls;  apex  to  left  of  ventral  sucker. 
Glands  in  short  tail  very  yellow  and  granular,  staining  deeply  with  neutral  red. 

Cercaria  B. 

Second  cotylicercous  form  in  Astroea  americana.  Most  obviously  different 
from  Cercaria  A  in  presence  of  14  larval  glands,  counted  with  difficulty  even 
under  oil-immersion  lens.  Development  in  elongate  sporocysts,  very  active 
and  containing  brilliant  orange-yellow  pigment.  Stylet  small,  with  single 
point.     Pharynx  conspicuous,  gut  not  seen.     Excretory  vesicle  most  fre- 
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quently  of  uniform  diameter,  with  tip  to  left  of  ventral  sucker;  occasionally 
more  pear-shaped. 

Cebcaria  C. 

Immature  sporocysts,  in  large  number,  infesting  visceral  mass  of  Astrcea 
longispina.  Sporocysts  colored  brilliant  orange,  containing  such  large 
numbers  of  oil  globules  that  they  float  on  water  into  which  freed;  also  float 
on  Bouin's  fixing  fluid.  No  large  formed  masses  of  cells  emerging  from  sporo- 
cysts cut  in  two. 

Cercaria  D. 

Small  gymnocephalous  distome  larva  found  on  four  occasions  in  Cerithium 
litteratum,  infesting  the  gonad.  Sporocysts  sausage-shaped,  containing  much 
rather  uniformly  distributed  orange-yellow  pigment.  Body  of  cercaria  most 
frequently  pear-shaped,  with  posterior  end  about  six  times  the  diameter  of 
anterior  third.  Oral  and  ventral  suckers  small,  of  about  the  same  diameter. 
No  trace  of  alimentary  canal  seen.  Larval  glands,  in  anterior  third  of  body, 
not  conspicuous;  apparently  5  ducts  opening  separately  on  either  side  of,  and 
just  posterior  to,  oral  sucker.  Excretory  vesicle  arms,  with  numerous  lateral 
evaginations  occupying  a  large  part  of  the  body,  especially  posterior  to  ventral 
sucker.  Golden  mass  of  cells  between  fork  of  excretory  vesicle  arms,  probably 
representing  beginning  of  reproductive  system.  Other  pigment  globules,  in 
irregular  masses,  median  and  anterior  to  ventral  sucker.  Entire  body  spined, 
more  heavily  in  posterior  portion.  Extended  tail  slender,  tapering  to  a  sharp 
point;  no  spines  present. 

Cercaria  E. 

Large  gymnocephalous  distome  larva  from  thin-walled  sporocysts  infesting 
Cerithium  litteratum.  Body  elongate-oval,  tapering  anteriorly  from  middle, 
and  with  long  spines  over  entire  surface.  Excretory  vesicle  arms  evaginated 
much  as  in  Cercaria  D  and  reaching  anteriorly  to  level  of  oral  sucker.  Larval 
gland  cells  not  sharply  defined;  apparently  4  ducts  just  median  to  excretory 
vesicle  arms,  leading  from  region  anterior  to  ventral  sucker.  No  trace  of  ali- 
mentary canal  seen,  except  possibly  a  tiny  pharynx.  Orange-yellow  pigment 
distributed  throughout  body,  especially  in  anterior  half.  Body  very  deeply 
stained  with  intra- vitam  neutral  red,  but  not  selectively;  same  for  toluidine 
blue.  Tail  slender,  lacking  spines;  only  lightly  tinged  with  either  dye. 
Swimming  very  active.  Maximum  extension  of  body  under  cover-glass, 
624/x  long  and  80/*  wide,  tail  880/t  long. 

Cercaria  F. 

Huge-tailed  monostome,  the  third  to  be  described;  one  found  by  Sinitsin 
(1911)  in  Black  Sea,  and  another  by  the  present  author  in  Puget  Sound. 
Found  developing  in  redise  infesting  visceral  mass  of  Cerithium  litteratum. 
Tail,  about  2.4  mm.  in  length,  more  than  12  times  as  long  as  body.  Oral 
sucker  opening  subterminally ;  no  ventral  sucker  present.  Two  dark  eyespots 
the  most  conspicuous  structures  in  body.  Small  pharynx  just  posterior  to 
level  of  eyespots  the  only  part  of  alimentary  canal  seen.  Outlines  of  larval 
glands,  filling  large  part  of  body,  not  definite;  two  sets  of  ducts  on  either 
side.  Very  large  spheroidal  excretory  vesicle  in  posterior  part  of  body. 
Spheroidal  mass  of  cells,  between  this  structure  and  eyespots,  probably  repre- 
sents beginning  of  reproductive  system.  Huge  tail  attached  ventrally  to 
body,  and  structurally  much  like  that  of  Puget  Sound  form;  of  deep  purple 
color  in  the  latter,  lavender  in  Cercaria  F.  Free-swimming  larva  positively 
phototropic,  but  repelled  by  red  light.  No  part  taken  by  body  in  locomotion; 
is  held  bent  back  on  tail.  Excretory  system  on  either  side  of  redia  consisting 
of  two  flame  cells  emptying  into  an  anterior,  and  two  into  a  posterior  tubule; 
excretory  pore  posterior. 
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Cercaria  G. 

Small  xiphidiocercaria  developing  in  short,  plump,  colorless  sporocysts  in 
Cerithium  litteratum.  Oral  and  ventral  suckers  of  about  same  size.  Small, 
sharp-pointed  stylet.  Alimentary  canal  not  easily  observed;  very  short 
prepharynx,  pharynx  ll/*  in  diameter,  end  of  esophagus  dilated  into  thin- 
walled  cecum.  Two  clusters  of  many  small  larval  glands  (or  groups  of  larger, 
much  lobated  cells)  anterior  to  ventral  sucker;  narrow  bundle  of  ducts  passing 
straight  to  the  anterior  over  oral  sucker.  Excretory  vesicle  Y-shaped,  with 
unpaired  portion  relatively  long,  arms  reaching  to  posterior  edge  of  ventral 
sucker.  Slender  tail  longer  than  body;  circle  of  prominent  spines  around  its 
somewhat  invertible  distal  end.  Body  stained  reddish  with  neutral  red,  tail 
orange.  Swimming  almost  continuous;  momentary  cessation  of  locomotion, 
followed  by  stretching  of  body  and  tail  to  full  length  and  resumption  of  swim- 
ming. During  progression  under  cover-glass,  tail  is  frequently  held  bent 
around  to  one  side  of  body,  distal  end  being  opposite  oral  sucker. 

Cercaria  H. 

Gymnocephalous  distome  larva  found  in  Cerithium  algicola,  so  late  in  the 
day  that  only  a  few  details  were  noted.  Apparently  different  from  Cercaria 
D  and  Cercaria  E,  although  possibly  a  developmental  stage  of  one  of  them. 
No  yellow  pigment  scattered  in  body  as  in  Cercaria  E;  no  mass  of  golden 
yellow  globules,  which  possibly  represent  the  gonad,  as  in  Cercaria  D.  Oral 
and  ventral  suckers  approximately  of  same  diameter,  44/x.  Body  of  one 
specimen  under  cover-glass  pressure  560/x  in  length  and  160/*  in  width. 
Excretory  system  Y-shaped;  excretory  vesicle  and  arms  posterior  to  ventral 
sucker  so  swollen  as  to  occupy  most  of  the  body  in  that  region.  Probably 
two  sets  of  larval  gland  ducts  present.     No  parthenitse  studied. 

Cercaria  I. 

Distome  cercaria  resembling  cotylicercous  larvse  in  most  particulars  except 
the  tail.  Found  in  Columbella  mercatoria  in  sporocysts  with  tapering  ends, 
especially  the  posterior.  In  many  details  resembling  a  cotylicercous  larva 
from  the  same  snail  host,  Cercaria  J,  of  which  Cercaria  I  may  possibly  be  a 
developmental  stage.  Oral  sucker  slightly  smaller  than  ventral  sucker; 
armed  with  a  double-pointed  stylet  14/t  in  length.  Small  pharynx,  15/*  in 
diameter,  located  closer  to  ventral  than  to  oral  sucker ;  other  details  of  alimen- 
tary canal  not  observed.  Four  pairs  of  larval  glands  anterior  to  ventral 
sucker;  ducts  on  either  side  divided  into  a  median  and  a  lateral  group  of  two 
each.  Heavy-walled  excretory  vesicle  in  shape  of  rectangle  and  composed  of 
large  cells  with  conspicuous  nuclei.  Pear-shaped  tail  sometimes  much  broader 
than  body  at  region  of  attachment;  apex  continued  as  a  slender  whip,  usually 
longer  than  body.  Proximal  portion  of  tail  containing  a  hyaline  yellowish 
reticulum;  smooth- walled,  while  whip  has  a  stucco-like  surface.  No  selec- 
tive staining  with  intra-vitam  neutral  red,  except  possibly  two  lateral  pairs  of 
larval  glands;  body  a  light  pink  and  proximal  tail  orange.  Body  bluish  in 
toluidine  blue  and  tail  lavender.  On  either  side  of  sporocyst  a  single  flame 
cell  caps  an  anterior,  and  another  a  posterior  collecting  tubule.  Sporocysts 
spotted  with  orange  pigment,  and  with  small  anterior  unpigmented  promi- 
nence. 

Cercaria  J. 

Cotylicercous  larva  in  Columbella  mercatoria,  developing  in  sporocysts 
very  similar  to  those  of  Cercaria  I.  Body  slightly  larger  than  in  that  species; 
stumpy  tail  measuring  37/*  in  length  and  30/*  in  width.  Stylet  of  same  size 
and  shape  as  in  Cercaria  I,  and  pharynx  in  same  relative  position  with  refer- 
ence to  suckers.     Larval  glands  not  definite  in  outline,  number  not  deter- 
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mined;  two  sets  of  ducts.     Sporocysts  of  same  general  shape,  size,  and  pig- 
mentation as  in  previous  species;  no  excretory  tubules  found. 

Cercaria  K. 

Trichocercous  cercaria  found  in  rediae  developing  in  Crepidula  aculeata. 
Body  opaque  in  contrast  to  tail,  due  to  presence  of  cystogenous  material. 
Oral  sucker  considerably  larger  than  ventral.  Alimentary  canal  very  promi- 
nent, with  prepharynx,  large  pharynx,  and  wide  ceca  extending  almost  to 
posterior  end  of  body.  Conspicuous  pigmented  eyespots  in  connection  with 
posterior  side  of  nervous  system.  Fine  bundle  of  larval  gland  ducts  median  to 
eyespots;  number  and  location  of  glands  not  determined.  Excretory  vesicle 
Y-shaped,  with  stem  and  branches  much  swollen  and  filled  with  concretions  of 
various  shapes  and  sizes.  Translucent  tail  with  setae  joined  by  thin  cuticular 
webbing;  decaudation  frequent  under  cover-glass.  Maximum  size  of  redia 
1.8  mm.  in  length  and  0.2  mm.  in  diameter;  8  flame  cells  in  anterior  half  of 
excretory  system  on  one  side. 

Cercaria  L. 

Cystophorous  larva  infesting  Crepidula  aculeata;  found  on  four  occasions,  in 
large  cylindrical  sporocysts.  Body  little  differentiated;  oral  sucker  smaller 
than  ventral.  Two  appendages  on  cyst  in  which  cercaria  develops;  one  very 
long  and  attached  posteriorly  on  cyst  wall,  other  emerging  from  cyst  close  to 
attachment  to  body.  Developmental  stages  of  Cercaria  L  differing  consider- 
ably in  permeability  to  intra-vitam  neutral  red  and  toluidine  blue.  A  number 
of  large  tailless  larvae  in  sporocysts  of  one  infestation,  probably  representing  a 
later  stage  in  development  of  this  cercaria.  Narrow  esophagus  bifurcating 
close  to  anterior  edge  of  ventral  sucker ;  no  pharynx  observed.  Entire  posterior 
three-fifths  of  body  crowded  with  large  clear  vesicles,  shown  by  much  com- 
pression of  cover-glass  to  be  parts  of  the  intestinal  ceca,  joined  by  narrow 
canals.  Deep  selective  staining  of  alimentary  canal,  especially  esophagus, 
with  neutral  red.  Sporocysts  colorless,  cylindrical,  with  one  blunt  end  and 
one  tapering;  much  active  writhing  when  freed  from  tissues;  largest  4  mm.  in 
length. 

Cercaria  M. 

Cotylicercous  larva  from  Glyphis  listen,  very  much  resembling  Cercaria  B. 
Found  late  in  the  day,  and  not  known  to  differ  in  any  significant  details. 
Smaller  in  size;  details  of  gland  number  and  alimentary  canal  difficult  to 
distinguish.  Excretory  vesicle  usually  banana-shaped,  with  apex  to  left  of 
ventral  sucker.     Tail  proportionally  smaller  than  that  of  Cercaria  B. 

Cercaria  N. 

Gasterostome  larva  from  sporocysts  in  Pinna  carnea,  the  only  species  of 
bivalve  found  to  be  infested.  Body  not  highly  differentiated;  about  400/x 
in  length  and  60ju  in  width,  but  capable  of  great  changes  in  shape.  Tail 
branches  very  extensile.  Middle  piece  about  100/z  in  width,  containing 
coarsely-granular,  yellowish  protoplasm.  Sporocysts  branching  at  long  inter- 
vals; reddish-orange  pigment  in  some  of  them. 

Cercaria  O. 

Echinostome  cercaria  from  Thais  deltoidea.  Body  opaque  with  cystogenous 
material.  Oral  and  ventral  suckers  about  equal  in  size.  Pharynx  present; 
long  esophagus,  branching  into  ceca  extending  posterior  to  ventral  sucker. 
Main  ducts  of  excretory  system  of  complex  echinostome  type,  filled  with 
concretions.  Tail  with  two  excretory  pores  laterally  situated  in  proximal 
portion;  distal  end  modified  into  adhesive  organ.  No  structures  with  great 
affinity  for  neutral  red. 
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Second  Report  on  the  Marine  Algoe  of  the  Dry  Tortugas,  by  Wm.  Randolph  Taylor. 

A  study  of  the  marine  algae  of  the  Dry  Tortugas,  begun  during  June  and 
July  1924,  was  continued  during  June  1925,  with  an  extension  of  observations 
to  new  territory. 

The  principal  work  involved  a  continuation  of  dredging  operations  in 
shallow  water  on  the  slopes  of  Loggerhead  Key,  so  that  a  very  fair  knowledge 
of  the  marine  vegetation  around  that  island  was  obtained.  The  shore  drops 
comparatively  sharply  on  the  eastern  side,  except  toward  the  southern  end, 
where  there  is  a  broad  and  shallow  bed  of  Gorgonians.  Toward  the  west, 
shallow  water  extends  for  a  considerable  distance,  and  the  backbone  of  the 
island  runs  far  up  toward  the  north  and  northwest.  In  very  shallow  water 
on  the  northwest  end  there  was  an  exceedingly  luxuriant  growth  of  Hypnea, 
Spyridia,  Centroceras,  and  Padina.  This  was  more  abundant  than  in  1924. 
In  shallow  water  on  a  rocky  bottom  near  the  southeast  end  the  Gorgonian 
bed  supported  a  considerable  growth  of  Dictyota.  With  the  exception  of 
these  two  regions  the  zone  inside  of  the  Thalassia  belt  was  barren.  Beyond 
the  Thalassia  region  on  the  west  and  north  extended  a  region  of  Gorgonians 
and  scattered  coral  groups,  with  occasional  broad  patches  of  sand.  The  hard 
bottom  bore  Dictyotse,  Gracilaria,  and  Halimeda,  with  many  less-abundantly 
represented  genera,  which  run  down  to  the  limit  of  dredging  with  the  Velella. 
The  sand  patches  contained  either  almost  no  vegetation  or  a  growth  of 
Polysiphonia.  Toward  the  southeast  it  was  found  possible  to  reach  the  zone 
of  Halophila  which  extends  on  the  sand  into  Southwest  Channel.  The 
southern  end  of  the  shoal  on  a  hard  bottom  carries  the  usual  flora  of  Dictyota 
and  Padina  among  Gorgonians  for  a  considerable  distance  from  shore,  where 
it  is  replaced  by  a  very  rich  bed  of  almost  pure  Haliseris  justii  extending 
south,  southwest,  and  southeast  to  about  5  or  7  fathoms.  Off  the  northwest 
end  at  the  same  depth  there  is  located  a  smaller  bed  of  the  related  and  quite 
unusual  Dictyopteris  plagiogramma,  and  near  it  was  found  the  very  curious 
Caulerpa  webbiana. 

Studies  of  the  areas  of  coquina  rock  which  extend  for  short  distances 
along  the  sides  of  Loggerhead  Key  showed  a  great  difference  in  the  richness 
of  the  flora  on  the  east  and  the  west.  On  the  latter  there  was  a  heavy  growth 
below  low  tide  of  Laurencia  obtusa,  Dictyotas,  Dilophus  alternans,  Halimeda 
scabra,  with  some  Padina  sanctce-crucis,  which  also  in  a  dwarf  state  formed 
part  of  a  low  turf  including  Janias,  Centroceras,  Coelothrix,  Gelidium,  Dictyota, 
etc.,  and  which  extended  above  low-tide  mark,  to  be  succeeded  by  patches 
of  Dichothrix  and  dwarf  Enter omorpha.  The  flora  on  these  rocks  was  exceed- 
ingly varied  in  its  minor  constituents,  between  40  and  50  species  being 
included  in  the  complete  list.  The  east  side  had  a  much  more  sparse  vegeta- 
tion below  low-tide  mark,  with  a  less  proportion  of  Laurencia;  the  growth  on 
the  rocks  near  and  above  low  tide  was,  however,  richer  and  notable  for  a 
major  proportion  of  Laurencia  intricata,  on  which,  as  well  as  on  the  rock, 
there  grew  an  abundance  of  Wrangelia  argus.  While  the  turf  of  Jania  and 
its  associates  was  present  here  also,  the  areas  of  pink  Laurencia  and  red 
Wrangelia  gave  a  quite  different  appearance  to  the  upper  rocks. 

A  brief  resurvey  of  conditions  around  Garden  Key  was  made  to  determine 
the  extent  of  alteration  in  the  vegetation  following  a  shifting  of  the  sand  by 
winter  storms  into  the  westernmost  angle  and  against  the  northwest  and 
southwest  walls  of  the  moat  of  Fort  Jefferson.     It  was  found  that  except 
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where  the  sand  had  actually  drifted  over  the  rocks  and  walls  on  which  the 
algae  had  grown,  the  flora  was  quite  as  luxuriant  as  in  1924.  In  some  cases, 
probably  due  to  a  slightly  delayed  season,  it  was  much  richer,  as  in  Heterosi- 
phonia  gibbesii  and  Dictyota  cervicornis,  and  in  a  few  others  rather  poorer, 
as  in  Valonia  macrophysa,  which,  however,  had  largely  regained  its  prominence 
in  the  moat  flora  by  the  end  of  June.  Temperature  and  specific  gravity 
measurements  of  the  water  of  the  moat  and  of  other  localities  were  made 
preliminary  to  a  careful  study  of  the  physical  conditions  related  to  the  growth 
of  the  algae. 

A  series  of  dredge  hauls  was  made  with  the  Anton  Dohrn  to  a  depth  in 
excess  of  50  fathoms.  These  gave  data  on  the  depth  reached  by  the  marine 
phanerogams  of  the  genus  Halophila,  and  especially  on  the  depth  reached  by 
members  of  the  Chlorophyceous  genus  Caulerpa,  in  the  Southwest  Channel. 

An  extensive  series  of  dried  specimens  was  prepared  of  the  plants  observed 
for  a  critical  study  of  the  more  difficult  or  less  well-known  genera,  especially 
of  Sargassum,  Dictyota,  Gracilaria,  and  Caulerpa,  and  as  records  of  the  con- 
dition of  the  vegetation  at  the  several  stations. 

Investigations  on  Specificity  of  Fertilization,  by  D.  H.  Tennent. 

The  work  done  was  a  continuation  of  that  reported  in  Year  Book  No.  22, 
and  Science  (1924),  on  specificity  of  fertilization  in  its  relation  to  the  per- 
meability of  the  egg.  If  the  conclusions  presented  in  the  latter  paper  are 
correct,  it  should  be  possible  to  give  an  egg  such  treatment  that  it  could  be 
fertilized  more  readily  by  sperms  of  a  foreign  species  than  by  sperms  of  its 
own  species.  It  should  also  be  possible  to  restore  a  treated  egg  to  its  original 
condition,  in  which  it  would  refuse  foreign  and  accept  species  fertilization. 

The  material  used  was  obtained  from  Lytechinus  variegatus  and  Tripneustes 
esculenta.  Both  of  these  sea  urchins  were  plentiful,  Tripneustes  unusually  so, 
during  the  past  summer. 

The  eggs  of  Tripneustes  are  extremely  variable  as  to  their  fertilizability  by 
sperms  of  their  own  species.  The  eggs  of  one  individual  may  give  nearly  100 
per  cent  membrane  formation  and  cleavage,  while  those  of  another  will  give 
less  than  10  per  cent,  even  though  sperms  of  the  same  male  have  been  used. 
During  the  investigations  of  the  past  summer  a  means  of  obtaining  a  uniformly 
high  result  was  discovered. 

On  the  theory  that  monovalent  cations  increase,  while  bivalent  cations 
decrease,  permeability,  solutions  of  NaCl  and  of  CaCl2  and  SrCl2  were  used  in 
the  experimental  treatment  of  the  eggs.  Solutions  of  CeCls  were  also  used  in 
a  study  of  the  effect  of  a  trivalent  ion. 

A  quantitative  study  of  the  effect  of  increased  content  of  NaCl  in  the  sea- 
water,  and  of  the  effect  of  preliminary  treatment  of  the  egg  with  NaCl,  CaCU, 
and  SrCl2  on  species  fertilization  in  Tripneustes,  was  first  made.  It  was 
found  that  with  some  lots  of  eggs  an  increase  in  the  NaCl  content  of  the  sea- 
water  favored  activation.  It  finally  became  evident  that  the  highest  per- 
centage of  activation  was  obtained  when  the  eggs  were  given  a  preliminary 
treatment  with  5/8M  NaCl,  and  then  transferred  to  sea-water  to  which 
sperms  had  been  added.  By  this  method  staled  eggs  which  refused  species 
fertilization  were  brought  back  to  a  condition  in  which  they  were  fertilized 
readily. 
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Preliminary  treatment  with  5/8M  CaCl2  had  no  specific  effect  on  the  fer- 
tilization reaction  in  species  fertilized  Tripneustes  eggs.  It  was  not  found 
possible  to  so  decrease  the  permeability  of  the  egg  by  this  treatment,  that  the 
eggs  could  no  longer  be  fertilized  by  species  sperms.  A  preliminary  washing 
up  to  5-minutes  duration  did  not  decrease  the  percentage  of  normal  fertiliza- 
tion reaction.     Longer  washing,  as  a  general  thing,  injured  the  eggs  physically. 

The  study  of  cross  activation  of  Tripneustes  eggs  by  Lytechinus  sperms  led 
to  the  discovery  that  100  per  cent  activation  and  cleavage  could  be  obtained 
by  a  preliminary  washing  of  the  eggs  in  5/8M  CaCl2  or  SrCl2  followed  by 
transfer  of  the  eggs,  with  as  little  of  the  solution  as  possible,  to  a  considerable 
volume  of  sea-water  in  which  Lytechinus  sperms  were  in  suspension.  The 
best  results  were  obtained  by  preparing  the  sperm  suspension  in  1,000  c.c. 
of  sea-water  in  a  tall  cylinder,  and  then  dropping  the  treated  eggs  with  as 
little  of  the  solution  as  possible,  on  the  surface  of  the  suspension.  The  eggs 
were  thus  washed  as  they  sank  slowly  through  the  long  column  of  water. 
Eggs,  whose  species  fertilized  control  showed  a  low  fertilization  reaction,  were 
first  washed  in  5/8M  NaCl  and  then  in  5/8M  CaCl2  or  SrCl2  and  inseminated 
as  above. 

Studies  made  for  the  purpose  of  determining  whether  the  CaCl2,  carried 
over  to  the  sea-water  in  which  the  inseminations  were  made,  had  any  dele- 
terious effect,  gave  significant  results.  Species  inseminations  of  Tripneustes 
showed  a  reduction  in  number  of  activations  in  concentrations  beyond  250 
c.c.  sea  water-f-2  c.c.  5/8M  CaCl2,  while  species  inseminations  of  Lytechinus 
showed  no  reduction  in  number  of  activations  in  concentrations  up  to  250  c.c. 
sea-water+10  c.c.  5/8M  CaCl2. 

Following  these  studies  on  Tripneustes  and  the  Tripneustes-Lytechinus 
cross,  a  similar  series  of  observations,  based  on  the  eggs  of  Lytechinus,  was 
made.  Preliminary  washing  with  solutions  of  NaCl,  CaCl2,  or  SrCl2  in  5/8M 
strength,  did  not  prevent,  or  lessen,  subsequent  species  activation.  A  method 
for  cross  activation  was  devised,  which  gave  from  90  to  95  per  cent  develop- 
ment. The  eggs  of  Lytechinus  were  washed  in  5/8M  CaCi2  or  SrCl2  for  5 
minutes,  transferred  to  sea-water  for  from  5  to  10  minutes,  the  change  in  the 
appearance  of  the  surface  of  the  egg  enabling  the  observer  to  determine  when 
the  washing  should  cease,  and  then  inseminated  by  dropping  into  a  Trip- 
neustes sperm  suspension. 

A  detailed  study  of  the  effect  of  various  concentrations  of  CeCl3  on  activa- 
tion and  development  of  Lytechinus  was  made.  After  preliminary  tests  the 
following  experiments,  among  others,  were  performed. 

I.  Eggs  and  sperms  added  simultaneously  to  the  solutions. 

(a)  sea  water  control, 

(b)  250  c.c.  sea  water+1  c.c.  £*  CeCl3, 

(c)  250  c.c.  sea  water+2  c.c.  ™  CeCl3, 

(d)  250  c.c.  sea  water+4  c.c.  ™  CeCl3. 

The  results  were, 

(a)  100  per  cent  activation  and  division. 

(b)  An  occasional  egg  not  activated. 

(c)  Failure  to  be  activated  slightly  more  frequent  than  in  b. 

(d)  Failure  to  be  activated  much  more  frequent  than  in  c. 
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II.  Eggs  placed  in  solutions  2  minutes  before  addition  of  sperms. 

(a)  sea-water  control, 

(b)  250  c.c.  sea-water+1  c.c.  fg  CeCl3, 

(c)  250  c.c.  sea-water+2  c.c.  f*  CeCl3, 

(d)  250  c.c.  sea-water+5  c.c.  m  CeCl3. 
The  results  were, 

(a)  100  per  cent  activated. 

(b)  Not  over  40  per  cent  activated. 

(c)  Not  over  5  per  cent  activated. 

(d)  An  occasional  egg  activated.     Not  over  1  per  cent. 

III.  Sperms  mixed  in  solutions  1  minute  before  addition  of  eggs. 

(a)  sea-water  control, 

(b)  250  c.c.  sea-water+1  c.c.  ^0  CeCl3, 

(c)  250  c.c.  sea-water+2  c.c.  M  CeCl3, 

(d)  250  c.c.  sea-water+5  c.c.  fG  CeCl3. 
The  results  were, 

(a)  100  per  cent  activated. 

(b)  Less  than  50  per  cent  activated. 

(c)  None  activated. 

(d)  None  activated. 

After  the  completion  of  experiments  of  this  type  a  comparative  study  of 
control  and  CeCl3  treated  eggs  was  continued  through  four  days.  Lytechinus 
eggs  and  sperms  were  dropped  simultaneously  into, 

(a)  sea-water,  and 

(b)  250  c.c.  sea-water+1  c.c.  ^  CeCl3. 
The  results  were, 

(a)  100  per  cent  activated. 

(b)  About  75  per  cent  activated. 

The  difference  between  the  two  lots  became  evident  at  the  time  of  the 
emergence  of  the  blastulae  from  the  fertilization  membrane.  The  CeCl3 
larvae  were  remarkably  inactive.  The  blastulse,  although  ciliated,  did  not 
rise  from  the  bottom  of  the  culture  dish.  The  same  held  true  for  the  gastrulae. 
At  the  end  of  the  first  26  hours  of  development  the  larvae  in  both  cultures  had 
advanced  to  the  young  pluteus  stage,  the  control  larvae  being  active,  while  the 
CeCl3  larvae  were  still  inactive  and  at  the  bottom  of  the  dish.  During  the 
third  day's  development  the  CeCl3  plutei  became  active  and  came  up  through 
the  water  to  the  surface,  swimming  in  characteristic  fashion.  On  the  fifth  day 
the  CeCl3  plutei  were  distinctly  the  larger  and  were  more  active  than  those  of 
the  control. 

Cytological  material,  which  may  throw  some  light  on  the  nature  of  the 
physiological  processes  which  have  been  studied,  has  been  prepared. 

Studies  on  Dissociated  Sponge  Cells,  by  H.  V.  Wilson. 

During  the  month  of  July  a  preliminary  survey  was  made  to  ascertain 
whether  it  would  be  feasible  to  carry  on  at  Tortugas  an  investigation  centering 
round  two  questions  raised  by  the  writer  in  1907:  (1)  Is  it  possible  to  induce 
the  dissociated  cells  of  different  species  of  sponges  to  combine  and  form  a 
composite  individual?  (2)  What  are  the  conditions  of  hereditary  resemblance 
(kinship)  and  of  physico-chemical  environment  which  will  determine  or 
inhibit  such  a  (hypothetical)  combination  of  cells?    The  data  already  at 
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hand  show  that  at  any  rate  within  one  and  the  same  species  the  reuniting 
cells  actually  fuse,  the  cell  bodies  becoming  confluent  (Wilson,  1907;  1911) 
instead  of  forming  a  mere  heap  of  morphologically  independent  bodies,  as 
they  do  for  instance  in  a  regenerative  mass  which  has  begun  to  die  and 
which  gradually  disintegrates  into  quite  independent  cells  which  remain 
alive  and  amceboid  for  hours.  Galtsoff  (1925),  to  be  sure,  has  found  that 
the  confluence  involves  only  the  outer,  clearer  protoplasm  and  not  the  inner 
granular  protoplasm  of  the  cell-body.  However  that  may  be,  the  actual 
fusion  of  the  cooperating  cells  establishes  an  interesting  point  of  analogy 
with  the  fusion  of  egg  and  sperm  cell  in  fertilization  and  it  is  probable  that 
many  of  the  physiological  principles  that  have  been  worked  out  in  the  study 
of  cross-fertilization  by  D.  H.  Tennent  and  others  will  be  found  applicable 
to  the  process  of  fusion  among  the  dissociated  cells  of  sponges  and  hydroids. 
Galtsoff  (1925)  has  already  made  a  start  in  this  direction. 

For  such  an  investigation  it  is  desirable  to  have  control  over  a  considerable 
number  of  species,  the  cells  of  which  may  be  separated  readily  and  in  large 
quantity  and  which  have  a  certain  quality  of  resistance  to  unfavorable  con- 
ditions. It  was  found  that  there  are  at  least  19  common  species  of  sponges 
within  the  2-fathom  limit  at  Tortugas,  all  silicious  or  horny  forms,  the  majority 
halichondrine.  Precise  identifications  must  be  deferred  until  later  in  the 
year.  Of  these,  9  species  were  tried  out  as  to  their  suitability  for  this  work. 
These  included  5  species  of  Pachychalina,  a  Siphonochalina,  a  Tedania,  an 
Aplysina,  and  a  Hircinia.  The  methods  employed  were  essentially  those 
described  in  my  earlier  papers.  Four  of  the  Pachychalinas  proved  suitable. 
The  other  forms  for  one  reason  or  another  proved  not  to  be  suitable.  In 
several  (Siphonochalina,  Tedania,  Hircinia)  the  cells  set  free  are  not  abundant 
enough  and  do  not  aggregate  well.  Possibly  the  peculiar  filaments  in  Hircinia 
are  a  disadvantage.  Aplysina  is  too  full  of  parasites  to  be  useful.  In  one 
of  the  Pachychalinas,  great  quantities  of  whole  flagellated  chambers  are 
liberated  and  make  up  a  large  part  of  the  agglomerates;  whether  for  this  or 
some  other  reason,  the  latter  are  not  resistant  and  die  early. 

A  green  Pachychalina,  close  to  if  not  identical  with  P.  mollis  Wilson  from 
Porto  Rico,  lends  itself  sufficiently  well  to  the  investigation.  The  cells  were 
expressed  July  4;  they  are  extruded  in  large  quantity,  settle,  and  aggregate 
well.  By  6  p.  m.  of  the  same  day  the  tissue  passed  into  the  reticular  phase, 
i.  e.  incrusts  the  slides  as  a  network  of  cords  (see  Wilson,  1911,  pi.  iv,  fig.  23). 
Unlike  Microciona,  however,  and  like  all  the  Tortugas  Pachychalinas  with 
which  I  have  worked,  the  reticula  do  not  make  a  firm,  persistent  attachment 
to  the  glass  but  soon  begin  to  contract  and  curl  up,  eventually  forming  com- 
pact, smooth,  subspheroidal  masses,  in  this  species  of  a  bright  green  color, 
quite  free  of  the  substratum.  This  habit  causes  serious  inconvenience  since, 
whenever  transference  to  fresh  sea-water  is  necessary,  the  masses  must  be 
handled  individually  with  the  pipette.  The  size  of  these  regenerative  masses 
is  under  control  since  small  masses  readily  fuse  when  brought  in  contact 
and  larger  masses,  as  long  as  they  are  actively  forming  and  have  rough  sur- 
faces, may  be  cut  up  with  impunity.  After  a  mass  has  rounded  up  and  got 
the  characteristic  smooth  surface,  artificial  division  in  my  experience  has 
been  followed  by  a  gradual  death  of  the  daughter  masses.  It  was  found 
that  in  all  the  species  small  masses,  1  to  1.5  mm.  in  diameter,  are  much  more 
viable  than  larger  ones.     Smooth  rounded  masses  in  this  species  were  formed 
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within  24  hours,  but  were  not  kept  long  enough  for  them  to  attach.  In  the 
3  other  species  recorded  below  they  were  kept  and  it  was  found  that  within 
2  to  5  days  they  attach  firmly  to  the  glass,  after  which  transference  is  of 
course  easy.  The  slide  with  the  attached  bodies  may  be  removed  from  the 
aquarium  and  examined  under  the  microscope  in  a  Petrie  dish.  It  may  be 
kept  in  any  position  in  the  aquarium  or  it  may  be  hung  out  in  a  wire  cage  in 
a  live  box. 

In  a  red  Pachychalina,  perhaps  identical  with  P.  rubens  (Pallas),  the  cells 
squeezed  out  are  abundant.  They  settle  and  aggregate  well.  In  one  experi- 
ment with  this  species  the  cells  were  expressed  July  19.  They  aggregated 
into  compact  rounded  masses,  bright  red  in  color,  of  the  desired  size  (1  to 
1.5  mm.  diameter)  on  the  same  day.  Within  5  days  the  regenerative  masses 
had  attached  firmly  to  the  slides  on  which  they  had  been  kept  and  had  begun 
definitely  to  metamorphose.  The  process  of  metamorphosis  in  its  early 
stages  consists  in  a  flattening  out  of  the  mass  whereby  it  greatly  increases 
its  area,  becoming  produced  into  lobular  processes  and  thus  getting  a  very 
angular  and  irregular  outline.  Moreover  the  periphery  of  the  mass  is  trans- 
formed into  an  exceedingly  thin  membrane  (marginal  membrane)  in  which 
angular  mesenchyme  cells  may  be  seen  with  great  distinctness. 

A  Pachychalina  close  to  P.  aurantiaca  (Lendenfeld)  is  a  valuable  species 
for  this  work.  In  one  of  the  experiments  with  this  form,  cells  were  expressed 
July  17.  The  pressed-out  tissue  was  found  to  include,  along  with  many 
dissociated  cells,  a  good  many  whole  flagellated  chambers.  The  chambers 
were  about  28/*  in  diameter,  the  component  cells  about  4/*.  The  cells  and 
chambers  all  quickly  aggregate,  as  may  be  seen  under  a  cover-glass,  into  many 
small  irregular  masses.  As  these  masses  unite  and  form  larger  ones,  the 
flagellated  chambers  probably  break  up  into  their  constituent  cells,  but  I 
have  not  tried  to  follow  their  behavior.  Smooth  ball-like  masses  of  a  deep 
green  color  are  formed  within  24  hours;  in  2  days  many  masses  have  made 
firm  attachment  to  the  slides.  A  day  later  the  masses  have  made  obvious 
progress  in  metamorphosis — that  is,  they  have  flattened  out  greatly,  are 
produced  into  lobes,  and  have  a  distinct  marginal  membrane.  The  slides 
to  which  they  are  attached  are  now  hung  out,  in  a  wire  cage,  in  a  live  box, 
where  they  remain  until  July  25  (at  which  date  the  experiment  has  to  be 
closed).  At  this  time  most  of  the  metamorphosing  masses  are  found  to 
have  increased  greatly  in  size,  although  a  few  have  not.  The  canal  system 
at  this  time,  the  tissue  being  8  days  old,  has  not  differentiated  distinctly. 

A  Pachychalina  with  harshly  conulose  surface,  mottled  with  very  dark 
and  light  green,  proved  to  be  an  excellent  experimental  form,  perhaps  as 
good  as  Microciona,  the  sponge  on  which  the  dissociation  method  was  first 
worked  out  and  which  has  hitherto  proved  better  adapted  to  the  method 
than  any  others.  In  one  experiment  with  this  species  the  cells  were  expressed 
July  13.  They  settle  quickly  and  aggregate  vigorously.  The  cells,  disre- 
garding what  are  probably  fragments,  measure  4/*  to  16/*  in  diameter.  No 
flagellated  chambers  as  such  are  present.  Probably  all  the  cells  are  amoeboid. 
Certainly  many  are,  including  the  largest  and  others  grading  down  to  very 
small  cells  scarcely  more  than  4/t  in  diameter.  The  amoeboid  behavior  of  the 
cells  is  more  conspicuous  in  this  species  than  in  any  of  the  Tortugas  forms 
examined.  Within  24  hours  compact,  generally  smooth,  masses  of  a  dark 
purple  color,  free  of  the  substratum,  are  formed.     The  sponges  are  breeding 
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at  this  time  and,  perhaps  owing  to  the  abundance  of  embryonic  material 
carried  over  into  the  regenerative  masses,  a  good  many  of  the  latter  die. 
Smaller  ones,  1  to  1.5  mm.  in  diameter,  survive  and  many  of  these  make  firm 
attachment  and  begin  to  metamorphose  within  3  days.  The  metamorphos- 
ing masses  attached  to  slides  are  transferred  to  a  live  box  5  days  after  the 
cells  have  been  expressed.  7  days  later  when  it  becomes  necessary  to  close 
the  experiment  the  masses  have  metamorphosed  into  little  sponges  several 
millimeters  in  diameter,  each  with  a  well-developed  canal  system  and  several 
oscula.  Many  of  the  oscula,  quite  unlike  those  of  the  adult,  are  borne  on 
oscular  papillae  which  project  above  the  general  surface,  an  osculum  at  the 
apex  of  each  papilla.  The  skeleton  at  this  time  has  not  made  a  distinct 
appearance.  It  would  probably  be  necessary  to  keep  the  sponges  2  months 
in  the  live  box  before  the  skeletal  peculiarities  of  the  adult,  so  important  in 
the  comparison  of  species  and  races,  could  be  expected  to  appear. 

The  following  notes  apply  to  the  four  Pachychalinas  in  general.  Fusion, 
whatever  be  the  details  of  the  cellular  behavior,  occurs  readily  between  the 
cells,  or  cells  and  whole  flagellated  chambers,  of  a  species  and  between  the 
aggregates,  small  or  large,  even  after  the  latter  have  rounded  off  into  smooth 
balls  with  the  characteristic  pellicular  surface  membrane.  And  later  during 
the  progress  of  metamorphosis  after  the  smooth  ball  has  become  a  thin 
incrustation  produced  into  lobular  processes  and  with  a  distinct  marginal 
membrane,  cases  of  fusion  between  the  developing  sponges,  when  they  come 
in  contact,  are  common. 

In  the  initial  stages  of  agglomeration  the  cells  aggregate  so  quickly  that 
it  is  difficult  to  watch  the  behavior  of  a  single  cell  that  is  actually  fusing  with 
others.  On  the  other  hand  it  is  easy  to  see  that  the  free  cells  which  are 
scattered  thickly  round  the  centers  of  cellular  agglomeration  are  undergoing 
amoeboid  disturbances.  They  are  throwing  out  clear  ectoplasmic  protru- 
sions varying  from  low  bleblike  protrusions  to  elongate  pseudopods,  some  as 
long  as  the  diameter  of  the  cell  body,  all  such  protrusions  changing  shape 
rapidly.  These  facts  are  most  conspicuous  in  the  case  of  the  very  abundant 
large,  granular,  and  more  or  less  rounded  cells,  commonly  10/u  to  16/x  in 
diameter,  but  the  amceboid  disturbance  may  be  seen  in  favorable  cases  (see 
above)  to  affect  not  only  these  but  the  medium-sized  and  even  the  very 
small  cells.  It  seems  safe  to  conclude,  then,  that  in  the  coalescence  of  the 
cells  to  form  regenerative  masses  amceboid  disturbance  of  the  cell  periphery 
plays  an  important  part  and  that  the  cells  do  not  simply  "stick  together," 
at  any  rate  in  the  sense  in  which  this  expression  would  commonly  be  used 
as,  for  instance,  in  the  case  of  inactive  balls  coated  with  a  gummy  substance. 

A  preliminary  attempt  at  interspecific  fusion  was  made  in  the  early  part 
of  my  stay,  but  it  did  not  seem  worth  while  to  go  on  with  this  inquiry  until 
more  was  known  of  the  regenerative  powers  of  the  Tortugas  forms.  On 
July  5  a  number  of  the  smooth,  subspheroidal  regenerative  masses  of  two 
species,  the  Pachychalina  close  to  P.  mollis  and  the  harshly  conulose  Pachy- 
chalina,  were  brought  together  so  that  there  were  numerous  contacts,  both 
between  masses  of  the  same  and  of  different  species.  The  masses  were  in 
the  neighborhood  of  1  mm.  in  diameter.  They  differed  conspicuously  in 
color,  those  of  one  species  being  a  bright  green,  those  of  the  other  a  dark 
purple.  During  the  course  of  24  hours  numerous  intraspecific  fusions  took 
place,  for  both  species,  but  no  interspecific  fusions,  the  purple  masses  fusing 
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always  with  purple,  the  green  always  with  green,  although  there  were  plenty 
of  contacts  between  masses  of  different  colors.  The  intraspecific  fusions 
take  place  very  quickly,  e.  g.  within  10  minutes  in  the  case  of  one  set  of 
observations. 

The  response,  or  absence  of  response  of  balls  of  regenerative  tissue  of  two 
sponge  species  to  the  stimulus  of  contact  contrasts  strikingly  with  the  be- 
havior of  the  lymph  balls  of  sea  urchins.  The  latter  offer  a  good  many 
analogies  to  the  sponge  balls  but  even  when  they  represent  different  genera 
(Arbacia,  Toxopneustes)  they  fuse  readily  when  placed  in  contact  (Wilson, 
1924).  In  all  such  cases  the  proximate  change,  which  has  as  its  consequence 
fusion,  is  doubtless  a  physico-chemical  one,  while  the  more  fundamental 
phenomenon  is  the  protoplasmic  response  to  stimulation,  which  in  one  set  of 
cases  (intraspecific  fusion  of  sponge  balls,  intergeneric  fusion  of  echinid 
lymph  balls)  leads  to  the  liquefaction  of  the  protoplasms  at  the  point  of 
contact,  while  in  another  set  of  cases  (sponge  balls  of  different  species)  no 
such  change  follows  upon  the  stimulus  of  contact.  The  reasons  why  such 
differences  of  cellular  behavior  exist  are  perhaps  functional,  i.  e.  correlated 
with  the  adaptive  habits  which  the  cells  practise  in  the  general  economy  of 
the  organism.  However  that  may  be,  an  obvious  line  of  attack,  in  the  effort 
to  bring  about  interspecific  fusion  of  sponge  balls,  is  to  consider  how  the 
proximate  change,  referred  to  above,  may  be  artificially  induced  by  physico- 
chemical  agencies. 


ARCHEOLOGY. 

Morley,  Sylvanus  G.,  Santa    Fe\    New    Mexico.     Associate    in    American 
Archceology.     (For  previous  reports  see  Year  Books,  Nos.  13-23.) 

The  activities  in  Middle  American  Archseological  Research  during  1924 
were  concentrated  at  Chichen  Itza,  Yucatan,  Mexico,  where  the  second 
season's  r  excavations  were  commenced  in  February  with  a  staff  of  six,  as 
follows:  Dr.  Morley,  in  charge;  Mr.  E.  H.  Morris,  archaeologist  in  charge  of 
excavations;  Mr.  Karl  Ruppert  and  Mr.  0.  G.  Ricketson  jr.,  assistant 
archaeologists;  Mr.  E.  L.  Crandall,  photographer  (U.  S.  Department  of  Agri- 
culture); and  Miss  E.  H.  Bayles,  secretary  and  book-keeper.  In  addition, 
Mrs.  E.  H.  Morris  was  of  invaluable  aid  in  copying  the  mural  paintings  from 
the  Temple  of  the  Warriors  (Station  4)  and  in  assisting  Mr.  Morris  in  con- 
nection with  the  excavations  and  repair  work  at  Station  3. 

Dr.  Morley  left  Washington  on  December  19  for  Mexico  City,  to  confer 
with  Mr.  Jose  Reygadas  Vertiz,  the  newly  appointed  Chief  of  the  Department 
of  Anthropology,  as  to  the  plans  for  the  coming  field  season,  and  reached 
Yucatan  on  January  12. 

Work  was  commenced  at  Chichen  Itza  on  January  19,  the  first  month  being 
devoted  to  moving  the  equipment  from  Dzitas,  the  nearest  railroad  point  to 
Chichen  Itza,  14  miles  distant  by  an  automobile  highway,  repairing  the  field 
quarters,  installing  a  gasoline  pump  and  pressure  tank,  and  clearing  the 
forest  growth  from  the  high  pyramid  at  the  northwest  corner  of  the  Court  of 
the  Columns,  where  excavations  were  commenced  on  February  16. 

During  the  short  1924  field  season  excavations  had  been  carried  on  at 
three  principal  stations,  all  in  the  Group  of  the  Thousand  Columns,  as  follows : 

Station  1.  The  Northeast  Colonnade. 
Station  2.  The  South  Temple  adjoining  it. 
Station  6.  The  Small  Ball  Court. 

During  the  current  season  excavations  have  been  carried  on  at  four  addi- 
tional stations,  two  in  the  Group  of  the  Thousand  Columns,  one  in  the  middle 
part  of  the  city,  and  one  at  Old  Chichen  Itza,  as  follows : 

Station  3.  The  temple  on  the  northeast  bank  of  the  Xtoloc  Cenote. 

Station  4.  The  Temple  of  the  Warriors. 

Station  5.  The  Caracol. 

Station  7.  The  Temple  of  the  Four  Lintels,  at  Old  Chichen  Itza. 

Special  reports  describing  these  activities  by  Mr.  Morris  and  Mr.  Ricketson, 
and  a  report  on  the  constructions  in  the  Court  of  the  Columns  by  Mr.  Rup- 
pert, will  be  found  on  pages  251,  260,  263,  265,  267,  and  269. 

General  Summary  op  the  Principal  Results  op  the  Year. 

By  far  the  most  extensive  piece  of  work  undertaken  this  season  was  at  the 
Temple  of  the  Warriors  (Station  4),  which  was  completely  cleared  and 
partially  repaired  by  Mr.  Morris  (see  p.  251).  The  excavations  proved  that 
this  building  was  one  of  the  most  important  in  the  entire  city;  it  is  second 

1  For  a  description  of  the  results  of  the  first  season,  see  Year  Book  No.  23,  pp.  209-221. 
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only  to  the  Castillo  in  point  of  size,  and  even  exceeds  the  latter  in  wealth  of 
sculptural  decoration. 

The  pyramid  supporting  the  temple  proper  covers  two-thirds  of  an  acre, 
and  rises  in  four  retreating  terraces  to  a  height  of  37  feet  above  the  general 
paved  level  of  the  Group  of  the  Thousand  Columns.  The  three  lowest  ter- 
races have  their  cornices  elaborately  sculptured  with  jaguars,  eagles,  and 
men,  and  another  as  yet  unidentified  animal  with  woolly  covering,  which 
were  originally  painted  in  brilliant  colors.  Only  the  top-most  terrace  seems 
to  have  been  plain. 

A  steep  stairway,  34  feet  wide,  composed  of  36  steps  and  flanked  by  two 
balustrades  carved  with  representations  of  the  feathered  serpent,  leads  to 
the  summit,  where  an  imposing  vista  greets  the  eye. 

The  two  massive  feathered  serpent  columns,  dividing  the  entrance  into  a 
triple  doorway,  rear  themselves  15  feet  aloft,  their  massive  heads  resting  on 
the  ground,  their  tufted  tail-rattles  above.  These  were  found  scattered 
about  in  front  of  the  temple  and  were  restored  to  their  original  positions  by 
Mr.  Morris  during  the  course  of  the  excavations. 

The  temple  proper  is  69  feet  square  and  is  divided  by  a  single  partition, 
running  north  and  south,  into  two  chambers  of  equal  size,  61  feet  long  by  30 
feet  wide — an  outer  chamber  with  a  corbelled  arch  roof  supported  by  12 
sculptured  columns,  and  an  inner  sanctuary  with  8  sculptured  columns, 
painted  wall-benches  at  the  north  and  south  ends,  and  a  magnificent  altar 
or  dais  against  the  back  or  east  wall,  13  feet  8  inches  wide,  8  feet  3  inches 
deep,  and  2  feet  8  inches  high.  This  altar  is  supported  by  19  painted  Atlan- 
tean  figures  in  an  excellent  state  of  preservation. 

Both  exterior  and  interior  walls  were  elaborately  painted,  but  the  collapse 
of  the  entire  roof  has  wrought  irreparable  damage  to  these  once  fine  mural 
paintings.  More  than  800  stones,  fallen  from  the  roof  and  bearing  frag- 
ments of  these  frescoes,  were  recovered  during  the  excavations  and  removed 
to  a  storehouse  at  the  hacienda  for  safe-keeping.  Mrs.  Morris  copied  in 
water-colors  more  than  200  of  the  best  preserved  of  these  before  she  returned 
to  the  States.  The  subjects  portrayed  are  gods,  priests,  warriors,  men, 
animals,  fish,  and  serpents,  engaged  in  a  variety  of  pursuits,  offering  incense, 
fighting,  rowing,  swimming,  fishing,  etc.  Marine  subjects  seem  to  have 
formed  a  large  part  of  the  design. 

The  outstanding  features  of  The  Temple  of  the  Warriors  are: 

1.  The  three  sculptured  and  painted  terraces  surrounding  the  pyramid 
on  all  four  sides,  with  their  imposing  array  of  human  and  animal 
figures. 

2.  The  sculptured  and  painted  columns,  of  which  there  are  22;  the  two 
feathered  serpent  columns  in  the  doorway,  15  feet  high;  and  the 
twenty  inside,  carved  on  all  four  sides  with  representations  of  gods, 
priests,  and  warriors,  12  feet  high.  Originally,  all  of  these  had  been 
brilliantly  painted,  and  much  of  the  pigment  is  still  adhering. 

3.  The  sculptured  and  painted  altar  against  the  back  wall  of  the  sanc- 
tuary, supported  by  19  painted  Atlantean  figures. 

4.  The  mural  paintings. 
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Excavations  were  undertaken  at  the  small  temple  on  the  northeastern 
bank  of  the  Xtoloc  Cenote  (Station  No.  3,  see  p.  263)  which  lies  at  the  south- 
western corner  of  the  Group  of  the  Thousand  Columns,  in  the  hope  that  some 
relationship  might  be  established  between  it  and  the  nearby  cenote,  which 
served  as  the  chief  source  of  the  city's  water  supply  in  ancient  times,  and  also 
because  no  single  small  temple  at  this  site  previously  had  been  completely 
excavated. 

The  most  important  feature  of  the  temple  was  found  to  have  been  a  hand- 
somely sculptured  panel  on  the  back  side  of  the  arch  in  the  sanctuary,  directly 
above  the  altar.  This  had  originally  been  composed  of  5  courses  of  sculp- 
tured blocks,  each  course  containing  6  blocks,  or  a  total  of  30.  Of  these,  only 
19  were  recovered,  7  being  found  at  considerable  distances  from  the  temple, 
whither  they  had  been  carried  in  Spanish  times  to  build  a  rough  stone  wall. 
Fortunately,  5  of  the  6  blocks  forming  the  middle  of  this  panel  were  found. 
These  present  two  warriors  elaborately  clothed,  having  head-dresses  of 
sweeping  plumes,  and  a  hissing,  feathered  serpent  above  the  head  of  each. 
The  border,  of  which  more  than  half  was  recovered,  is  composed  of  flowering 
vines,  with  birds  here  and  there.  This  panel  is  one  of  the  most  notable 
sculptures  in  the  city,  not  only  because  of  its  unique  location  on  an  arch, 
being  the  only  example  of  its  kind  yet  found  at  Chichen  Itza,  but  also  be- 
cause of  the  presence  of  flowers  and  vines,  an  unusual  subject  in  the 
Chichen  Itza  bas-reliefs. 

Another  important  undertaking  of  the  season  was  the  repair  of  the  upper 
part  of  the  Caracol  or  Astronomical  Tower  (Station  No.  5,  see  p.  265).  This 
structure  is  the  only  one  of  its  kind  in  the  city  and,  with  the  exception  of  the 
round  tower  at  Mayapan,  the  only  one  known  in  the  Maya  area. 

The  upper  part,  containing  several  small  passageways  which  were  used  as 
lines  of  sight  in  making  astronomical  observations,  was  in  a  highly  ruinous 
condition,  and  immediate  repair-work  was  imperative  if  these  lines  of  sight 
were  to  be  saved  from  shifting,  owing  to  the  crumbling  condition  of  the 

masonry.  This  work  was  successfully  carried  out  by 
Mr.  Ricketson,  and  the  entire  upper  part  of  the  tower 
so  strengthened  with  cement  and  masonry  that  the 
danger  of  any  shifting  of  the  lines  of  sight  from  their 
present  positions  has  been  eliminated. 

Mr.  Ricketson  finds  that  the  principal  passage- 
way still  standing,  that  looking  west,  would  seem  to 
have  been  used  in  determining  the  dates  of  the  equi- 
noxes and  the  summer  solstice. 

During  the  excavation  of  the  Caracol,  several 

fragments  of  a  hieroglyphic  band  came  to  light.    One 

of  these,  shown  in  the  accompanying  figure,  was  of 

especial  interest  in  giving  a  date  which  Dr.  Morley 

deciphers  as  follows:  "3  Imix  9  Yax,  Tun  1."     New 

Empire  dates  are  rarely  as  carefully  recorded  as 

those  of  the  Old  Empire,  but  the  intent  here  would 

seem  to  have  been,  fairly  clearly,  to  indicate  the 

day  3  Imix  9  Yax  falling  in  some  Tun  1.     An  examination  of  Goodman's 

Chronological  Tables  shows  that  the  only  place  where  this  day  occurred  in 

a  Tun  1  within  the  limits  historically  possible  at  Chichen  Itza  was  at  the 
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position  11.16.0.4.1  3  Imix  9  Yax,  corresponding  to  1280  A.  D.,  which  there- 
fore is  probably  the  date  recorded  upon  this  fragment. 

Just  before  the  close  of  the  field  season,  excavations  were  undertaken  at  a 
small  temple  in  Old  Chichen  Itza  (Station  7),  where  in  1911  Mr.  E.  H. 
Thompson  had  found  two  hieroglyphic  lintels,  in  the  hope  that  more  of  these 
exceedingly  valuable  texts  might  be  found.  This  operation  was  under  the 
supervision  of  Mr.  Ricketson  (see  p.  267)  and  two  additional  inscribed  lintels 
were  discovered  there  on  May  22  and  26  respectively,  both  of  which  are 
practically  in  "mint  state."  One  has  72  glyph  blocks,  and  the  other  80. 
Because  of  this  discovery  this  structure  was  renamed  "The  Temple  of  the 
Four  Lintels." 

At  Yula,  5  miles  south  and  slightly  east  of  Chichen  Itza,  there  is  a  small 
temple  having  two  hieroglyphic  lintels  of  a  similar  character.  Dr.  Morley 
made  a  comparative  study  of  these  6  lintels,  and  found  that  all  of  them,  both 
the  2  at  Yula,  as  well  as  the  4  in  Old  Chichen  Itza,  were  apparently  dedicated 
on  the  same  day,  namely  a  Tun  13  ending  on  a  day  1  Ahau.  The  following 
table  shows  the  position  on  each  of  these  lintels  where  this  particular  tun  and 
day  are  recorded,  in  some  cases  as  often  as  twice  on  the  same  lintel. 


Lintel. 

Tun  13. 

1  Ahau. 

No.  1 
No.  2 
No.  2 
No.  3 
No.  3 
No.  4 
No.  1 
No.  2 
No.  2 

Temple  of  Four  Lintels,  Old  Chichen  Itzi 
a         tt        a             «            a             a             u 

u         a        it            it           a            u            a 

u         u        tt             it            it            it             tt 

it         it        tt             tt            u            u             a 

it         u        tt             tt            tt            it             a 

Temple  of  Two  Lintels,  Yula 

it          it        u            u                it 
tt         it        it           tt               it 

Glyph  No. 
13 

5 
40 

2 
74 
14 

Glyph  No. 

14 

6 

41 

75 
15 
15 
4 
64 

2 

Nor  do  the  similarities  between  these  six  lintels  end  here.  The  date 
9  Lamat  11  Yax  is  recorded  thrice  at  the  Temple  of  the  Four  Lintels,  as  fol- 
lows: on  Lintel  No.  1,  by  Glyphs  Nos.  9  and  11;  on  Lintel  No.  3,  by  Glyphs 
Nos.  70  and  72;  and  on  Lintel  No.  4,  by  Glyphs  Nos.  9,  11,  and  12. 

Finally,  the  fronts  of  Lintel  No.  1  at  Old  Chichen  Itza  and  Lintel  No.  1  at 
Yula  have  the  same  figure  of  a  bird  carved  upon  them,  with  a  human  head 
issuing  from  the  bird's  opened  beak.  And  again,  Lintel  No.  4  at  Old  Chichen 
Itza  and  Lintel  No.  2  at  Yula  both  have  the  same  figure  of  a  serpent  carved 
upon  them,  with  a  human  head  issuing  from  the  gaping  mouth;  the  two  pairs 
being  practically  identical  in  design. 

As  has  been  pointed  out  in  a  previous  Year  Book,1  the  method  of  dating 
used  in  the  New  Empire  was  much  more  abbreviated  and  correspondingly  less 
accurate  than  the  Initial  Series  dating  of  the  Old  Empire.  Thus  any  given 
tun,  as  13  here,  for  example,  ending  on  any  given  day,  as  1  Ahau  here,  could 
recur,  fulfilling  these  two  conditions,  at  intervals  of  every  25634  years.  Fortu- 
nately, in  the  present  case  the  historical  probabilities  limit  the  possible 
Initial  Series  values  to  one  of  two  readings:  11.9.13.0.0  1  Ahau  13  Pop, 
which  corresponds  to  the  year  1155  A.  D.,  or  12.2.13.0.0  1  Ahau,  13  Chen 

1  See  Year  Book  No.  17,  pp.  272-274. 
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corresponding  to  the  year  1411  A.  D.  Of  these  the  former  appears  the 
better  reading  since  the  latter  was  within  35  or  40  years  of  the  final  aban- 
donment of  the  city,  when  decadence  already  must  have  set  in,  and  when  it 
would  have  been  practically  impossible  to  have  executed  such  beautiful 
sculptures  as  these  lintels. 

The  endings  of  Tuns  13  appear  to  have  been  of  especial  significance  to  the 
ancient  Maya,  even  from  early  Old  Empire  times,1  and  it  is  therefore  not 
surprising  that  this  particular  Tun  13  should  have  been  so  scrupulously 
recorded  on  these  six  lintels,  all  of  which  appear  to  have  been  dedicated  upon 
this  date. 

The  other  date,  9  Lamat  11  Yax,  recorded  on  three  different  lintels  in  the 
same  temple,  appears  to  have  had  the  Initial  Series  value  11.8.19.5.8.2  This 
is  practically  within  one  day  of  being  exactly  133^  solar  years  earlier  than  the 
dedicatory  date,  or  exactly  8  Venus  years  of  584  days  and  1  tzolkin  or  260-day 
period,  earlier. 

On  February  26,  the  President  of  the  Institution  and  Dr.  Wissler  and  Dr. 
Kidder  of  the  Advisory  Committee  arrived  at  Chichen  Itza  for  a  visit  of  ten 
days.  Technical  and  other  problems  arising  from  the  excavations  were 
discussed,  and  a  closer  contact  was  established  between  the  members  of  the 
committee  and  the  staff. 

Excavations  were  brought  to  a  close  on  June  20,  although  Mr.  Morris  and 
a  corps  of  masons  continued  working  at  certain  urgent  repairs  on  the  Temple 
of  the  Warriors  for  another  fortnight.  The  experience  of  the  past  two  seasons 
tends  to  indicate  that  excavation  can  not  be  carried  on  profitably  long  after 
the  middle  of  June.  By  that  time  the  rainy  season  in  Yucatan  is  well  under 
way  and,  what  with  necessary  time  out  for  the  heavy  afternoon  showers  as 
well  as  the  resultant  flooding  of  the  diggings,  the  work  is  retarded  and  opera- 
tions are  not  only  unprofitable  but  also  unsatisfactory. 

Mr.  Crandall  returned  to  the  United  States  by  way  of  New  York  on  June  9. 
Dr.  Morley  and  Mr.  Ruppert  left  Yucatan  on  June  27,  going  by  way  of  Vera 
Cruz  and  Mexico  City,  where  Dr.  Morley  discussed  with  Mr.  Reygadas  a 
number  of  problems  which  had  developed  during  the  season,  as  well  as  pre- 
liminary plans  for  next  year.  In  developing  the  Chichen  Itza  Project,  the 
policy  has  been  from  the  beginning  to  consult  frequently  the  Mexican  officials 
concerned,  in  order  that  there  should  be  entire  agreement  at  all  times  as  to 
the  work  done,  and  the  best  interests  of  the  research  thus  secured. 

Mr.  and  Mrs.  Morris,  Mr.  Ricketson,  and  Miss  Bayles  returned  to  the 
United  States  by  way  of  New  Orleans  early  in  July,  thus  bringing  to  a  close 
the  activities  of  the  second  field  season. 

1  The  Inscriptions  at  Co-pan,  Pub.  No.  219,  p.  358  footnote. 

2  This  date  was  at  first  erroneously  deciphered  as  9  Eznab  11  Yax  with  the  Initial  Series 
value  11.7.12.16.18  (see  Year  Book  No.  17,  p.  274)  and  was  so  used  by  Dr.  H.  J.  Spinden  in  his 
The  Reduction  of  Maya  Dates,  Papers  of  the  Peabody  Museum  of  American  Archaeology  and 
Ethnology,  Harvard  University,  vol.  VI,  No.  4,  p.  281,  but  a  re-examination  this  season  of  the 
day-signs  on  Lintels  Nos.  3  and  4,  as  well  as  on  the  newly  discovered  Lintel  No.  1,  all  at  the 
Temple  of  the  Four  Lintels,  demonstrated  beyond  any  doubt  that  the  day-sign  in  each  case  is 
Lamat  and  not  Eznab,  and  the  corresponding  Initial  Series  value  probably  11.8.19.5.8. 
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Report  of  E.  H.  Morris  on  the  Temple  of  the  Warriors  (Station  4)- 

The  pyramid  temple  upon  which  excavations  were  centered  during  the 
season  of  1925  is  situated  contiguous  to  and  northward  of  the  northwest 
corner  of  the  Court  of  the  Columns.  This  structure,  which  had  not  been 
cleared  of  forest  since  Maudslay's  visit  in  1889,  had  remained  the  largest 
edifice  in  the  city  untouched  by  the  hand  of  modern  man.  When  the  under- 
growth had  been  removed,  it  was  seen  that  the  pyramid  and  the  temple  sur- 
mounting it  had  been  reduced  by  time  and  the  elements  to  a  square-cornered 
hill,  50  feet  in  height,  differing  in  appearance  from  a  natural  one  chiefly 
because  of  the  profusion  of  faced  and  sculptured  stone  strewn  down  its  slopes. 

In  common  with  the  other  structures  composing  the  Group  of  the  Thousand 
Columns  this  pyramid  rests  upon  the  vast  artificial  terrace  upon  which  the 
Castillo,  the  Ball-Court,  and  in  fact  most  of  the  Toltec-Maya  portion  of  the 
city  was  built.  The  talus  of  debris,  fallen  from  the  temple  above,  rose  from 
this  major  terrace  level  across  the  entire  eastern  side  of  the  pyramid  and 
along  the  eastern  end  of  the  north  side  as  well.  Toward  the  western  end  of 
the  northern  exposure  the  debris  encroached  upon  detritus  from  the  Temple  of 
the  Tables,  filling  the  passage  between  the  pyramid  and  the  substructure  of 
the  latter  to  a  depth  of  as  much  as  8  feet.  Along  the  south  side  of  the 
pyramid  there  is  a  V-shaped  gulley,  draining  to  the  east,  through  which  one 
may  ascend  from  the  major  terrace  to  the  surface  of  the  mound  covering  the 
western  end  of  the  north  range  of  the  Group  of  the  Thousand  Columns,  which 
passes  in  front,  i.  e.,  west,  of  the  pyramid.  This  latter  is  a  long  and  relatively 
low  mound  formed  by  the  collapse  of  a  rectangular  building  with  its  longer 
axis  running  north  and  south,  and  which  faced  west.  A  wide  rib  of  hearting 
with  a  more  gradual  slope  than  the  debris  on  either  side  of  it,  its  base  buried 
beneath  a  mass  of  fallen  step  elements,  indicated  that  the  stairway  to  the 
temple  above,  ascending  the  western  face  of  the  pyramid,  had  risen  through 
this  long  low  structure. 

Before  excavation  the  summit  of  the  pyramid  was  a  series  of  hummocks  and 
depressions  with  here  and  there  a  rectangular  block  of  stone,  apparently  in 
situ,  protuding  from  the  surface,  the  arrangement  of  these  indicating  that 
the  rows  of  columns  had  run  from  north  to  south.  Among  the  detached 
elements,  arch  stones  and  fragments  of  roof  ornaments  were  conspicuous.  On 
the  proportionately  broad  western  terrace,  the  two  large  tail  pieces  of  the 
serpent  columns  at  the  entrance,  as  well  as  rectangular  elements  of  the  once 
vertical  bodies,  lay  as  they  had  fallen  from  the  facade,  while  a  battered  Chac 
Mool  figure  lay  midway  between  them.  Except  the  latter,  which  had  been 
partly  turned  around  in  an  attempt  to  remove  it  to  Merida,  these  stones  lay 
as  shown  in  Maudslay's  illustration  of  Mound  18.1 

The  work  of  excavation  was  begun  late  in  February,  and  continued  until 
the  closing  days  of  June.  The  crew  of  workmen  varied  in  number  from 
fifteen  to  fifty,  and  in  addition,  during  the  latter  part  of  the  season,  seven 
masons  and  their  assistants  were  placed  upon  the  repair  work,  and  these 
together  with  burners  of  lime  and  diggers  of  white  earth  to  mix  therewith 
augmented  the  force  to  a  maximum  of  eighty-five. 

The  Temple  of  the  Warriors,  as  the  structure  on  the  summit  of  this 
pyramid  has  been  styled,  was  completely  excavated  by  the  end  of  June.     All 

1  See  Biologia  Centrali  Americana,  Section  on  Archaeology  by  A.  P.  Maudslay,  volume  in, 
plate  63. 
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of  the  debris  on  the  northern  and  southern  sides  of  the  pyramid  had  been 
removed,  and  a  bulk  equivalent  to  the  mass  which  had  been  cleared  out  of  the 
temple  and  dumped  down  the  eastern  slope  had  been  carted  away.  In  ad- 
dition a  drift,  the  width  of  the  stairway,  had  been  cut  through  the  low  building 
at  the  western  foot  of  the  pyramid,  and  a  passage  had  been  made  between  the 
northern  end  of  the  structure  thus  transected  and  the  southwest  corner  of 
the  substructure  of  the  Temple  of  the  Tables. 

With  one  exception  all  fallen  columns  in  the  area  excavated  were  set  up 
again.  The  repair  of  those  portions  of  the  temple-walls  which  could  be 
replaced  in  their  original  positions  with  absolute  certainty  was  approximately 
half  completed,  and  about  one-fourth  of  the  facing  of  the  pyramid  had  been 
reset  before  the  beginning  of  the  rainy  season  put  an  end  to  the  work. 

Although  its  symmetry  is  marred  by  the  addition  of  the  structure  lying 
west  of  it,  for  purposes  of  description  the  pyramid  crowned  by  the  Temple  of 
the  Warriors  may  be  considered  as  a  block  of  masonry  133  feet  square  and 
between  36  and  37  feet  in  height.  The  basal  element  is  a  platform,  varying 
from  a  few  inches  up  to  a  foot  and  a  half  in  height,  evidently  erected  for  the 
purpose  of  providing  a  foundation  more  nearly  level  than  the  somewhat 
irregular  surface  of  the  major  terrace.  The  battered  face  of  this  foundation, 
which  has  been  found  in  situ  along  the  north,  east,  and  one-half  of  the  south 
sides  of  the  pyramid,  is  composed  sometimes  of  one  and  sometimes  of  two 
courses  of  stone.  The  narrow  terrace,  or  walk,  bordering  the  true  foot  of  the 
pyramid  averages  slightly  more  than  3  feet  in  width.  From  this  level  upward, 
the  face  of  the  pyramid  was  symmetrically  divided  into  four  multiple  zones  or 
platforms,  a  general  description  of  one  of  which  will,  with  slight  variations  in 
dimensions,  suffice  for  them  all. 

The  lowest  element  is  a  battered  wall  5  feet  6  inches  in  height  rising  with 
a  gradient  of  65°  to  75°  from  the  horizontal.  The  corner  stones  are  excel- 
lently hewn  slender  blocks  tapering  from  base  to  tip.  The  stretch  of  wall 
between  them  consists  of  four  courses  of  smoothly  faced  blocks,  varying  in 
height,  and  very  closely  joined. 

Surmounting  this  battered  wall  is  a  vertical  6-inch  cornice,  composed  of  a 
single  course  projecting  from  6  to  lYi  inches.  Set  back  2  inches  from  the 
upper  margin  of  this  is  a  2-course  vertical  band  2  feet  3  inches  in  height, 
elaborately  sculptured.  The  terminal  blocks  of  this  band,  composed  of 
single  stones,  are  recessed,  their  corners  being  flush  with  the  cornices  above 
and  below  them,  and  their  recessed  portions  flush  with  the  carven  band. 
Above  the  latter  is  a  second  6-inch  cornice  like  the  one  beneath,  projecting  the 
same  distance.  From  the  brink  of  the  upper  cornice  to  the  foot  of  the  second 
multiple  zone  there  is  a  very  slightly  sloping  terrace,  3  feet  2  inches  in  width. 

Decorative  elements  appearing  in  the  sculptured  bands  are  pairs  of 
semireclining  male  human  figures,  feet  to  feet,  elaborately  clad,  each  bearing  a 
long  plumed  staff,  these  pairs  being  separated  by  two  squatting  creatures, 
sitting  either  face  to  face  or  back  to  back.  The  jaguar  and  the  eagle  are 
plainly  identifiable  in  these  non-human  pairs,  but  the  identity  of  the  third 
figure,  a  chunky,  thick-haired,  stubby-tailed  quadruped  has  not  yet  been 
determined.  Usually  a  speech-scroll  issues  from  the  mouth  of  the  man,  beast, 
or  bird  as  the  case  may  be,  and  various  other  scrolls  appear  between  and 
around  the  figures. 
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Portions  of  all  elements  of  the  face  of  the  pyramid  were  found  in  situ  up  to 
and  including  the  lower  cornice  of  the  fourth  multiple  zone.  Inasmuch  as  the 
distance  thence  to  the  top  of  the  pyramid  is  just  sufficient  to  allow  for  a 
finishing  vertical  band  and  its  overlying  cornice,  it  may  be  justifiably  inferred 
that  the  arrangement  of  the  fourth  multiple  zone  was  essentially  the  same  as 
that  of  the  lower  three.  However,  it  is  still  an  open  question  whether  its 
vertical  band  was  sculptured  or  not.  At  present  it  would  rather  appear  that 
it  had  been  plain. 

From  the  brink  of  the  fourth  multiple  zone,  the  summit  of  the  pyramid 
extends  back,  with  a  gradient  sufficient  to  provide  good  drainage,  to  the  foot 
of  the  temple  walls.  The  original  widths  of  the  three  platforms  on  the  north, 
south,  and  east  sides  have  not  been  calculated  as  yet,  but  the  western  platform, 
i.  e.,  the  one  in  front  of  the  temple,  is  25  feet  10  inches  wide. 

The  hearting  of  the  pyramid  is  of  masonry  throughout.  This  great  mass 
was  raised  a  course  at  a  time.  Over  the  previous  course  a  layer  of  stone  was 
spread,  the  interstices  were  filled  with  smaller  stones,  and  then  lime  mortar 
was  laid  over  the  area,  trowelled  smooth,  and  allowed  to  set  before  the  next 
layer  was  put  down.  Thus  the  individual  courses  rest  upon  a  smooth  sur- 
face, but  are  not  bedded  in  mortar. 

Much  of  the  building  material  was  reused  from  older  structures.  Prac- 
tically every  type  of  structural  element  has  been  found  built  into  the  core  of 
the  pyramid,  such  as  faced  blocks  from  vertical  walls,  cornice  blocks,  arch 
stones,  and  sculptured  elements,  both  in  relief  and  in  full  round. 

An  indeterminate  number  of  earlier  structures  once  occupied  at  least 
portions  of  the  area  of  the  pyramid.  Two  have  been  identified,  one  at  the 
southwest  corner,  the  other  at  the  northwest  corner.  The  roof  edge  of  the 
former  was  found  at  the  level  of  the  terrace  surmounting  the  second  multiple 
zone.  A  pit  sunk  to  a  depth  of  15  feet  6  inches  in  the  southwestern  corner 
at  this  point  revealed  a  complete  facade  of  a  Toltec  Maya  building,  viz,  bat- 
tered basal  zone,  battered  cornice,  vertical  zone,  vertical  cornice,  vertical  zone, 
vertical  cornice  and  roof  margin.  The  temporal  relationship  of  this  struc- 
ture and  the  pyramid  will  be  considered  at  another  point. 

The  second  partially  inclosed,  partially  dismantled  building  is  revealed  by  a 
floor  level  and  a  standing  column  in  the  northwest  corner  of  the  pyramid. 
This  floor  level  is  approximately  halfway  up  the  pyramid,  and  the  warriors 
carved  on  the  sides  of  the  column  face  west,  proving  that  whatever  was  the 
area  covered  by  this  building  its  front  was  toward  the  west. 

The  Temple  of  the  Warriors  proper  is  approximately  69  feet  square,  with 
its  only  entrance  facing  west.  A  cross-section  of  the  outer  face  of  the  wall 
reveals  a  battered  lower  zone  5  feet  in  height,  rising  at  an  angle  of  77°,  an  8- 
inch  battered  cornice  receding  at  an  angle  of  63°,  a  vertical  zone  6  feet  6  inches 
in  height  and  an  8-inch  vertical  cornice.  The  remainder  of  the  elevation 
may  in  the  end  be  calculated  with  reasonable  accuracy,  but  as  no  portion 
of  the  upper  walls  remains  in  situ,  a  restoration  would  be  more  or  less  hypo- 
thetical. The  elements  wanting  to  complete  a  typical  Toltec-Maya  facade 
would  be  a  vertical  zone,  a  vertical  cornice,  and  a  roof  margin.  Thus  while 
the  treatment  of  the  outer  walls  to  the  height  of  the  doorway  is  established 
beyond  doubt,  the  part  above  this  is  as  yet  undetermined.  The  battered 
basal  zone  and  battered  lower  cornice  are  unsculptured.     The  carving  upon 
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the  remaining  vertical  band  on  the  north,  south,  and  east  sides  may  be 
described  as  one:  a  pair  of  duplicate,  grotesque  masks,  one  above  the  other, 
the  medial  line,  forming  the  apex  of  the  angle,  occupies  each  of  the  four 
corners.  Midway  between  them,  i.  e.  at  the  center  of  each  wall,  there  was 
another  pair  of  masks,  like  the  terminal  ones,  except  that  they  are  on  a  flat 
surface.  Midway  between  each  central  element  and  the  corners  were  large 
shields  graven  to  represent  the  human-bird-serpent  figure  which  Spinden 
suggests  is  a  representation  of  Kukulcan.  The  centrally  placed  serpent's 
head  is  in  full  relief,  tenoned  into  the  wall,  with  bifurcated  tongue  hanging 

between  the  bird-like  claws,  and  within 
the  widely  gaping  jaws  of  the  serpent 
appears  a  human  head  carved  in  half 
round. 

The  entrance  to  the  temple  (for  a 
ground-plan  of  which,  see  the  accompany- 
ing cut)  is  gained  through  a  triple  door- 
way, 25  feet  8  inches  in  width,  the  divi- 
sion into  three  being  accomplished  by  two 
magnificent  serpent-columns,  the  bases 
of  which  were  found  in  situ  and  the  other 
elements  fallen  in  such  alignment  that 
they  could  be  reassembled  with  no  possi- 
bility of  error.  Against  either  jamb  is  a 
false  column  or  pilaster,  1  foot  thick  and 
1  foot  5  inches  wide,  with  the  figure  of  a 
warrior  carved  on  each  exposed  face.  The  sides  of  the  jambs  protruding 
beyond  the  pilasters  were  also  sculptured. 

The  horned  serpents'  heads  with  opened  jaws,  most  skilfully  carved,  are 
about  4  feet  7  inches  long  and  lie  flat  upon  the  terrace;  rising  behind  them  are 
the  rectangular  bodies,  each  composed  of  seven  blocks  with  horizontal 
dimensions  of  2  feet  2  inches  by  2  feet  4  inches,  and  each  embellished  with 
incised  scales  and  flowing  plumes.  Surmounting  each  body  is  a  tail  piece 
projecting  forward,  not  quite  so  far  as  the  head,  with  upward  flung,  hand- 
somely graven  rattles  terminating  in  a  tuft  of  plumes.  The  wooden  lintels  of 
the  triple  doorway  rested  on  these  columns  at  a  height  of  12  feet  2  inches 
above  the  floor,  but  the  plumed  tips  reach  upward  an  additional  3  feet.  The 
existence  of  the  wooden  lintels,  which  once  capped  the  doorways,  is  known 
from  inference  only,  since  all  three  of  them  had  been  completely  destroyed. 

Beyond  the  portal  lies  the  outer  chamber  (see  cut),  a  hall  61  feet  north  and 
south  by  29  feet  2  inches  east  and  west.  Dividing  it  longitudinally  are  2 
rows  of  6  columns  each,  symmetrically  placed,  each  column  12  feet  2  inches  in 
height.  The  roof  had  been  in  the  form  of  three  vaults  running  from  north  to 
south,  and  had  rested  upon  wooden  lintels  connecting  these  columns.  These 
wooden  lintels  had  been  8  inches  in  thickness.  The  plaster  marks  on  the  cap- 
stones show  a  width  of  slightly  more  than  1  foot  for  the  arch  cap.  Detached 
stones  suggest  that  there  had  been  a  vertically  faced  course  4  inches  in  height, 
immediately  below  the  cap  stones.  The  height  of  the  arch  will  eventually  be 
learned  from  a  study  of  the  trapeziform  stones,  which  formed  the  exposed 
surface  where  the  arch  was  inserted  in  the  end  walls  of  the  room.     All  that 
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can  be  stated  now  is  that  the  vaults  were  very  high,  as  shown  by  the  fact  that 
the  material  in  the  roof  was  sufficient  to  fill  the  temple  to  the  average  height  of 
the  columns,  or  12  feet  +. 

In  the  center  of  the  back  or  eastern  wall  of  the  outer  hall  a  doorway  10  feet 
wide  gives  access  to  the  inner  chamber.  This  door  was  7  feet  11  inches  high, 
and  its  functional  width  was  reduced  to  the  same  dimension  by  a  false  column 
or  pilaster  against  each  jamb.  Both  pilasters  and  jambs  are  sculptured  on 
the  three  exposed  surfaces  like  those  of  the  main  portal. 

The  inner  chamber  has  practically  the  same  dimensions  as  the  outer  one. 
Four  rows  of  2  columns  each  cross  it  from  east  to  west.  The  roof,  which  these 
supported,  had  consisted  of  five  vaults  running  east  and  west,  i.  e.  at  right 
angles  to  those  in  the  outer  chamber,  the  central  one  having  a  span  of  13  feet 
9  inches,  the  other  four  a  span  of  9  feet  9  inches.  A  bench  5  feet  7 
inches  wide  and  2  feet  10^  inches  high,  with  a  marginal  cornice  6  inches  in 
height  projecting  &/%  inches,  flanks  both  end  walls  of  the  room,  and  turns  to 
follow  the  east  wall,  north  or  south  as  the  case  may  be,  for  a  distance  of  7 
feet  7  inches  (see  cut  on  page  255). 

At  the  extreme  back  of  the  temple  occupying  the  space  between  the  east 
wall  and  the  eastern  pair  of  columns  which  support  the  extraordinarily  wide 
central  arch,  there  is  a  beautiful  altar  14  feet  in  length,  7  feet  10  inches  in 
width,  and  2  feet  8  inches  high.  The  top-surface  or  floor  is  composed  of  3 
rows  of  slabs  paralleling  the  wall,  5  each  in  the  front  and  center  rows,  and  8 
in  the  back.  These  are  supported  by  19  Atlantean  figures  and  8  conical  stone 
posts  placed  tips  downward,  each  having  a  square  capital  like  the  typical  round 
columns  of  this  group.  Many  of  the  elements  of  the  altar  had  been  reused. 
Several  of  the  Atlantean  figures,  for  example,  were  too  tall  for  the  height  of  the 
altar,  and  in  consequence  their  feet  were  let  down  into  the  floor.  In  such 
cases,  other  feet  replacing  the  buried  feet  were  modelled  of  lime  mortar  to 
convey  the  impression  that  the  figures  stood  on  the  plane  of  the  floor,  This 
treatment  was  also  applied  to  some  of  the  stone  posts.  Moreover  some  of  the 
finely  worked  floor-slabs  in  the  center  and  front  rows  evidently  had  been  torn 
out  of  previously  existing  altars  since  the  interlaced  serpents  carved  upon 
their  edges  were  found  not  only  upon  exposed  surfaces,  but  also  upon  inside 
surfaces  which  were  hidden  by  other  of  the  floor-slabs. 

The  columns  in  both  chambers  are  elaborately  sculptured.  The  face 
of  each  column  shows  the  same  general  plan  of  treatment:  a  priest  or 
warrior  standing  above  a  panel  carved  to  represent  a  heteromorphic  head 
which  also  occurs  between  the  masks  on  the  exterior  walls  of  the  temple  as 
already  noted.  Above  each  figure  is  a  second  panel  constituting  a  distinct 
decorative  element.  The  columns  were  painted  in  brilliant  colors,  and  in 
fact  the  entire  interior  of  the  building,  floor,  walls,  and  roof,  was  finished  in 
colors.  The  smooth,  highly  polished  lime  floor  was  painted  a  rich  dark  red. 
Subject  to  slight  local  variation,  a  dado  5  feet  6  inches  high  encircled  the  bases 
of  the  interior  walls.  Beginning  at  the  floor  level,  and  going  upward,  there  is 
a  3-foot  6-inch  band  of  red,  a  5-inch  one  of  blue,  a  6-inch  one  of  red,  a  5-inch 
one  of  yellow,  and  a  7-inch  top  one  of  black.  Continuing  thence  upward  to 
and  including  the  roof  cap,  were  depicted  a  great  variety  of  subjects:  men, 
animals,  birds,  serpents,  fish,  plants,  and  marine  scenes.  Since  the  best- 
preserved  paintings  are  now  to  be  found  on  the  fallen  stones,  the  relationship 
and  arrangement  of  the  individual  subjects  can  not  easily  be  determined. 
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Painted  embellishment  was  not  confined  to  the  interior  of  the  building 
alone,  however.  All  sculptured  stones  which  had  been  sufficiently  protected 
from  weathering  for  color  to  remain  upon  them,  whether  from  the  temple 
proper  or  from  the  pyramid,  showed  traces  of  red,  blue,  and  green.  The 
battered  basal  zone  of  the  temple  exterior  retained  plaster  in  places  to  a  depth 
of  2  inches,  consisting  of  upwards  of  one  hundred  coats.  Nearly  every  coat 
bears  daubs  and  splashes  of  pigment  which  dripped  from  the  brushes  of  the 
painters  at  work  on  higher  sections  of  the  walls.  One  coat,  deeply  buried  by 
subsequent  applications  of  white  lime  plaster,  was  covered  with  bold,  rather 
carelessly  drawn  murals  in  red,  yellow,  white,  black,  and  green.  The  parts  of 
this  which  have  been  laid  bare  depict  male  human  figures  bearing  long  staffs 
like  those  in  the  hands  of  the  reclining  men  in  the  sculptured  bands  on  the 
sides  of  the  pyramid  below. 

In  the  light  cast  by  partial  excavation,  the  structure  at  the  western  foot  of 
the  pyramid,  or  as  it  has  been  called  the  Northwest  Colonnade,  is  a  building 
approximately  150  feet  in  length  and  45  feet  in  width,  facing  west.  It  con- 
tains 4  rows  of  rectangular  columns  running  from  north  to  south,  the  3  eastern 
rows  having  16  columns  each,  and  the  western  one  only  14  columns,  because 
the  positions  of  the  terminal  columns  in  this  latter  case  are  occupied  by  the 
antse  of  the  front  wall. 

Standing  in  front  of  the  Northwest  Colonnade  the  following  arrangement  is 
revealed:  first  3  steps  leading  from  the  general  level  of  the  major  terrace  to 
the  frontal  platform  12  feet  3  inches  in  width  which  supports  the  Northwest 
Colonnade.  The  temple  stairway  is  as  wide  as  3  intercolumnar  spaces  of  the 
Northwest  Colonnade.  In  line  with  each  of  the  2  included  columns,  a  balus- 
trade leads  over  the  steps  from  the  major  terrace  level  to  the  frontal  platform. 
Built  out  from  the  riser  of  the  upper  step  is  a  block  of  masonry,  and  tenoned 
into  it,  and  projecting  out  over  the  balustrade,  is  a  serpent's  head.  The 
northern  one  of  these  was  found  in  situ,  but  the  southern  one  is  missing. 

Counting  inward  from  the  frontal  platform,  the  temple  stairway  begins  just 
behind  the  base  of  the  third  row  of  columns.  Since  the  Northwest  Colonnade 
is  4  intercolumnar  spaces  in  depth,  it  is  seen  that  the  base  of  the  stairway 
extends  out  halfway  into  the  lower  hall.  Occupying  the  positions  of  the  2 
columns  of  the  inner  tier,  which  normally  would  have  risen  from  that  part  of 
the  floor  now  occupied  by  the  base  of  this  stairway,  there  are  2  columns  rising 
from  the  stairway,  their  bases  being  on  a  level  with  the  tops  of  the  other 
columns  in  the  same  row,  both  to  the  north  and  south  of  them.  Across  the 
stairway  the  fourth  or  inner  vault  of  the  Northwest  Colonnade  was  omitted, 
and  the  eastern  half  of  the  third  vault  as  well.  The  western  side  of  this  third 
vault  was  continued  upward  fully  twice  its  natural  distance  until  it  reached 
and  was  supported  by  the  two  elevated  columns  rising  from  the  stairway. 
Thus  the  approach  to  the  Temple  of  the  Warriors  lay  through  the  Northwest 
Colonnade,  and  the  base  of  the  stairway,  which  lay  within  the  confines  of  this 
lower  hall,  rose  beneath  an  inclined  roof. 

The  stairway  is  flanked  by  broad  low  balustrades  which  were  interrupted  in 
their  central  parts  by  the  vertical  walls  forming  the  ends  of  the  intersected 
inner  vault  of  the  colonnade.  The  parts  of  the  balustrades  below  this  wall 
are  in  place  and  are  carved  in  low  relief  with  representations  of  the  rattles 
and  sinuous  body  of  the  plumed  serpent.  That  portion  of  the  balustrades 
which  would  have  been  above  the  roof  of  the  colonnade  is  now  fallen.     Two 
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very  large  serpent  heads  found  on  the  surface,  one  at  each  side  of  the  stair- 
way, however,  presumably  were  tenoned  in  the  tops  of  these  balustrades, 
projecting  over  them  just  as  in  the  case  of  the  smaller  ones  in  the  balus- 
trades in  front  of  the  lower  hall. 

The  first  ten  steps  of  the  stairway  had  been  deeply  buried,  and  were  per- 
fectly preserved.  The  individual  steps  presented  little  variation  from  a  riser 
and  tread  of  10  inches  each.  The  stones  were  so  skillfully  cut  and  joined  that 
this  stairway  ranks  as  the  most  excellent  in  point  of  construction  yet  found  at 
Chichen  Itza.  As  many  as  26  coats  of  lime  plaster  had  been  applied  over  the 
steps,  some  of  them  having  been  painted  red.  In  the  debris  covering  the  base 
of  the  stairway  were  found  a  fang  and  three  horns  belonging  to  the  heads  of 
the  serpent  columns  of  the  Temple  of  the  Warriors  and  two  human  statues 
carved  from  stone,  all  cast  down  from  above  in  comparatively  ancient  times, 
doubtless  by  the  hand  of  man. 

'f-  The  Northwest  Colonnade  encroaches  upon  the  western  slope  of  the  pyramid 
to  the  extent  that  the  two  lower  multiple  zones  of  the  latter  do  not  occur  at 
all,  the  outer  face  of  the  colonnade  wall  rising  from  the  terrace  at  the  top  of 
the  second  multiple  zone  a  yard  distant  from  the  foot  of  the  third. 

Here  arises  the  question  as  to  the  age  of  the  fagade  found  buried  in  the 
southwestern  corner  of  the  pyramid.  Obviously  this  fagade  belongs  to  an 
earlier  structure,  and  in  preparation  for  the  erection  of  the  pyramid,  all  of  it, 
even  to  the  inner  facing  of  the  wall  in  question,  was  torn  down.  Presumably 
the  Northwest  Colonnade  is  secondary  to  the  pyramid.  In  conformity  with 
this  assumption,  the  two  lower  zones  of  the  pyramid  once  continued  to  the 
general  level  of  the  major  terrace  on  its  western  side,  and  were  eventually 
torn  out  to  allow  for  the  construction  of  the  back  wall  of  the  Northwest  Colon- 
nade. 

So  far  there  has  been  found  little  to  indicate  whether  the  Temple  of  the 
Warriors  was  erected  previous  to,  contemporaneous  with,  or  later  than  the 
range  on  the  north  side  of  the  Court  of  the  Columns,  the  western  end  of  which 
lies  immediately  south  of  the  pyramid.  However,  the  extreme  western  end 
of  this  range  is  composed  of  certain  units,  some  of  which,  if  not  later  modifi- 
cations of  the  original  structure,  at  least  show  that  they  are  secondary  to  the 
pyramid. 

Excavations  in  the  gulley  mentioned  as  occurring  parallel  to  the  south  side 
of  the  pyramid  disclosed  a  passage,  its  floor  at  the  level  of  the  major  terrace, 
continuing  westward  48  feet  5  inches  from  the  southeast  corner  of  the  pyra- 
mid. The  southern  boundary  of  this  passage  is  the  sloping  basal  wall  of  the 
substructure  beneath  the  north  range  of  columns.  The  east  and  west  axes  of 
the  latter  and  of  the  pyramid  are  not  exactly  parallel,  converging  toward 
the  west.  Thus  the  passage  is  10  feet  wide  at  the  east  and  9  feet  wide  at  the 
west.  At  the  western  end  a  poorly  built  stairway  of  twelve  steps  leads  up 
to  a  platform  28  feet  long  and  16  feet  wide,  its  floor  being  partly  composed  of 
and  partly  a  continuation  of  the  terrace  at  the  top  of  the  first  multiple  zone  on 
the  southern  side  of  the  pyramid.  That  this  stairway  and  platform  were  built 
in  after  the  bounding  structures  were  in  existence  is  shown  by  the  fact  that  the 
walls  of  both  continue  beneath  and  are  hidden  by  the  fill. 

The  purpose  of  this  stairway  and  platform  is  not  apparent  because  there  is 
no  doorway  giving  access  to  the  platform  nor  any  other  stairway  leading  away 
from  it.     The  western  boundary  of  the  platform  is  a  wall  composed  of  two 
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distinct  portions.  The  southern  9  feet  is  a  right-angled  northward  extension 
of  the  rear  wall  of  the  building  forming  the  northern  side  of  the  Court  of  the 
Columns.  The  wall  then  turns  at  right  angles  to  the  west  and  continues  to  a 
junction  with  the  back  wall  of  the  Northwest  Colonnade.  It  extends  downward 
past  and  less  than  1  foot  distant  from  the  sculptured  band  of  the  first  multiple 
zone  of  the  southern  side  of  the  pyramid,  and  hence  is  assuredly  secondary 
thereto.  If  future  excavation  proves  this  northern  extension  of  the  building 
is  part  of  the  original  plan  of  the  North  Colonnade,  that  structure  will  be 
shown  to  have  been  built  later  than  the  pyramid.  If  it  does  turn  out  to  have 
been  an  addition,  other  evidence  will  have  to  be  sought  to  settle  the  question 
of  the  relative  ages  of  those  several  units. 

The  space  between  the  base  of  the  second  multiple  zone  of  the  pyramid  and 
the  aforementioned  back  wall  of  the  North  Colonnade  is  a  blind  alley  less  than 
5  feet  in  width,  bounded  at  the  west  end  by  the  rear  wall  of  the  Northwest 
Colonnade  and  at  the  east  by  a  wall  forming  the  northern  portion  of  the  eastern 
boundary  of  the  platform  at  the  head  of  the  secondary  stairway.  This  alley 
was  never  roofed,  at  least  with  masonry,  and  there  is  nothing  to  indicate  its 
function. 

Considering  the  unit  comprised  of  the  Temple  of  the  Warriors  and  the  North- 
west Colonnade  as  a  whole,  it  is  evident  that  perfection  of  surface  appearance, 
rather  than  stability,  was  the  desideratum  of  the  builders.  The  stones  form- 
ing the  wall  faces  are  very  thin,  their  maximum  dimensions  being  at  the 
margins  of  the  tooled  faces  where  they  touch  the  edges  of  the  blocks  above, 
below,  and  beside  them.  The  cornice  elements  are  the  only  blocks  with  long 
tenons  which  firmly  tie  them  into  the  hearting  of  the  masonry.  The  effect  is 
much  as  if  one  were  to  remove,  with  horizontal  cuts,  the  browned  top  crusts 
from  loaves  of  bread,  and  then  stand  them  side  by  side  on  end  to  form  a  wall 
face.  Such  a  flimsy  shell  could  have  been  pried  off  without  difficulty  with  a 
sharpened  stick. 

This  lamentable  structural  weakness  is  conspicuous  in  the  Ball  Court,  the 
Temple  of  the  Jaguars,  the  different  parts  of  the  Group  of  the  Thousand 
Columns,  and  to  a  greater  or  less  degree  in  all  the  Toltec-Maya  buildings  at 
Chichen  Itza.  These  stand  in  marked  contrast  to  such  structures  as  the 
Monjas  and  the  Akabdzib,  which  owe  much  of  their  preservation  to  the  fact 
that  their  massive  component  blocks  reach  deep  into  the  hearting. 

During  the  closing  period  of  hybrid  brilliance  at  Chichen  Itza,  the  Temple 
of  the  Warriors  must  have  been  one  of  the  most  important  sacred  places  in 
this  city  of  temples.  Its  position  is  commanding.  Standing  beside  the  Chac 
Mool  midway  between  the  portal  and  the  stairhead,  one  looks  past  the  so- 
called  Tomb  of  the  Chac  Mool  directly  into  the  lower  chamber  of  the  Temple 
of  the  Jaguars.  At  the  left,  the  Castillo  towers  skyward,  while  nearer  by  the 
Group  of  the  Thousand  Columns  extends  far  to  the  south  and  east.  At  the 
immediate  right,  i.  e.  to  the  north,  lies  the  Temple  of  the  Tables  and  not  far 
distant  the  Sacred  Way  leading  down  to  the  Cenote  of  Sacrifice.  Although 
built  upon  a  pyramid  only  half  as  high,  the  Temple  of  the  Warriors  covers 
twice  the  area  of  the  Castillo  and  in  the  magnificence  and  richness  of  its  sculp- 
tured ornamentation  far  excels  the  higher  temple.  Indeed  in  importance  it 
may  be  reckoned  as  second  only  to  the  Castillo,  which  was  the  principal 
sanctuary  of  Kukulcan,  the  patron  deity  of  Chichen  Itza. 


260  CARNEGIE    INSTITUTION   OF  WASHINGTON. 

Report  of  E.  H.  Morris  on  the  Mural  Paintings  of  the 
Temple  of  the  Warriors  (Station  4). 

Before  the  great  pyramid  at  the  northeast  corner  of  the  Group  of  the 
Columns  was  cleared  of  undergrowth,  traces  of  paint  were  visible  upon  stones 
fallen  within  the  last  decade  from  the  inner  face  of  the  east  wall  of  the  Tem- 
ple of  the  Warriors  upon  its  summit.  Excavation  revealed  that  walls,  arch 
stones,  columns,  the  floor,  the  altar,  and  stairway,  in  short  every  unit  of 
surface  area,  had  been  completely  covered  with  color.  Of  greatest  interest 
were  the  frescoes  which  had  decorated  the  walls  and  corbelled  arches  of  the 
temple's  interior.  In  two  places  it  was  possible  to  trace  these  designs  as  they 
appeared  in  situ.  The  other  frescoes  recovered  were  upon  fallen  wall  and  arch 
stones,  excavated  from  the  wreckage  which  filled  the  temple  to  a  depth  of  12 
feet.  Nearly  a  thousand  of  these  latter  were  recovered,  and  of  these  about  850 
have  been  deposited  in  a  storehouse  at  the  hacienda  for  safe-keeping. 

The  unfortunate  as  well  as  unprecedented  hail  storm  of  April  14  destroyed 
177  painted  stones,  but  154  of  this  number  had  already  been  copied  in  color, 
thus  reducing  the  total  loss  to  but  23  stones.  In  all,  more  than  200  stones 
were  copied  by  Mrs.  Morris  during  the  current  field  season,  and  her  studies 
of  the  decorations  of  the  Temple  were  of  great  assistance. 

The  interior  of  the  temple  in  ancient  times  must  have  presented  a  sight  of 
barbaric  splendor,  an  almost  bewildering  array  of  intricate  designs  in  brilliant 
colors.  The  effect  of  time  upon  the  pigments  has  softened  their  sharpness 
and,  while  detracting  in  no  way  from  the  brilliance  of  the  original  colors,  it 
has  enriched  and  mellowed  them. 

The  surface  of  the  walls  was  first  prepared  with  lime  plaster  of  a  fine,  smooth 
texture,  and  while  this  was  still  wet  a  general  background  of  solid  color  was 
applied.  A  second,  and  sometimes  even  a  third,  coat  was  then  added.  The 
brush  strokes  indicate  the  use  of  a  large,  coarse-fibered  brush,  and  in  all  but 
one  section  a  thin,  very  fluid  paint.  Whether  the  medium  in  which  the 
pigments  were  mixed  was  water,  copal,  or  some  unknown  substance,  is  yet  to 
be  determined.  In  a  few  instances,  the  background  remained  the  white 
color  of  the  natural  plaster,  but  for  most  of  the  frescoes,  varying  shades  of 
red  were  used.    A  few  traces  of  an  earlier  layer  of  colored  plaster  were  found. 

The  Maya  palette  presents  a  wide  variation  of  hues  built  upon  a  few  funda- 
mental colors.  Reds  shade  from  the  deepest  "Indian  red"  through  the 
orange-reds  to  a  vivid  vermillion.  Yellows  vary  from  burnt  sienna  and  ochre 
shades  to  a  pale  lemon.  Greens  and  blues  are  nearly  indistinguishable  where 
the  color  arcs  cross,  though  at  extremes  of  the  spectrum  nearly  a  dozen 
different  tones  are  represented.  Black  and  a  light  reddish-tan  are  invariably 
employed  for  outlining.  The  latter  seems  to  have  been  first  applied  to  light, 
plain  surfaces  with  a  fine,  narrow  brush  as  a  complete  preliminary  outline  of 
the  figure  to  be  later  filled  in  with  color.  The  last  step  was  a  re-outlining  of 
every  detail  in  a  fairly  vivid  black.  On  dark  surfaces,  the  black  was  utilized 
for  a  general  preliminary  lining  only,  and  after  color  had  been  applied  with- 
out a  guide,  it  had  completed  the  details  of  the  outline. 

Owing  to  the  great  variation  of  shades  employed,  it  is  probable  that  most 
of  the  tones  were  acquired  by  mixing  the  pigments  fresh  for  each  figure  or 
general  group.  The  sources  of  the  colors,  with  the  exception  of  the  red 
which  could  have  been  procured  from  the  bark  of  at  least  three  different 
kinds  of  trees,  are  at  present  unknown. 
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No  shading  was  attempted.  The  color  was  laid  on  flat,  and  seemingly 
sufficiently  thickly  over  small  areas  to  obviate  the  necessity  for  a  second  coat. 
Nor  was  there  need  for  retouching.  The  Maya  draftsman  and  colorist 
wielded  a  sure  brush,  sufficiently  flexible  to  limn  in  a  single  stroke  each  face 
of  the  hundreds  depicted  in  the  temple,  giving  to  each  distinct  character  and 
individuality. 

The  paintings  on  the  walls  begin  5  feet  6  inches  from  the  floor.  This  basal 
zone  is  covered  with  a  dado  of  broad  stripes :  3  feet  6  inches  of  black  at  the 
bottom,  and  above  this  6  inches  of  blue,  6  inches  of  red  outlined  in  black, 
6  inches  of  yellow,  and  again  6  inches  of  black.  An  exception  to  this  arrange- 
ment is  found  in  the  south  half  of  the  outer  chamber,  where  the  broad  bot- 
tom band  is  painted  red  instead  of  black. 

The  murals  themselves  comprise  a  variety  of  subjects,  marine  scenes  filling 
a  large  part  of  the  space  available — in  fact,  of  the  two  fragmentary  frescoes 
found  in  situ,  the  larger,  measuring  9  by  4  feet,  treats  of  marine  subjects.  On 
the  surface  of  the  blue,  wave-rippled  water  bordered  with  white  foam,  floats 
a  canoe  with  its  prow  carved  in  the  likeness  of  a  human  head.  Nearby,  a 
man  is  wading  and  another  swimming.  A  large  fish  is  also  swimming  about. 
Other  stones  show  different  species  of  fish  drawn  with  what  seems  to  be  a 
remarkable  fidelity  to  nature.  Sea-weed,  jelly-fish,  eels,  and  boatmen,  the 
latter  paddling  both  in  standing  and  sitting  positions,  are  found. 

Of  equally  frequent  occurrence  are  lines  of  warriors  in  ceremonial  proces- 
sion, or  advancing  in  double  quick  time  as  if  to  battle.  Men  in  less  formal 
pursuits  are  also  presented,  bound  as  captives,  as  bearers  of  the  dead,  and  as 
carriers  transporting  burdens  by  means  of  the  inevitable  tump-line. 

Genre  subjects  are  found,  in  a  tower-like  structure,  fenced  hennequen 
plants,  houses,  a  burning  roof,  and  a  pot  set  upon  the  fire.  Tigers,  deer, 
birds,  and  plants  likewise  occur,  although  in  more  or  less  fragmentary  con- 
dition. Of  great  importance  is  the  omnipresent  feathered  serpent,  which 
winds  throughout  the  groups  more  in  the  spirit  of  an  all-pervading  patron 
deity  than  as  any  particular  unit  of  the  design,  the  treatment  throughout  being 
free,  realistic,  and  natural. 

The  two  extremes  in  Maya  murals  as  they  are  now  known  are  to  be  found 
at  Tuluum  and  in  the  Temple  of  the  Jaguars  at  Chichen  Itza.  In  the  former, 
the  Codex-reminiscent  gods  strike  the  last  note  of  ceremonial  conventional- 
ization, both  in  subject-matter  and  style;  in  the  latter,  scenes  of  ordinary 
daily  life  are  depicted  with  a  boldness  and  ease  entirely  free  of  conventional 
crystallization. 

The  murals  in  the  Temple  of  the  Warriors  fall  midway  between  these  two. 
The  processional  arrangement  of  elaborately  garbed  warriors  and  the  invar- 
iable speech  scroll  (both  concepts  derived  from  the  Toltecs),  a  uniformity  in 
hair  treatment,  snakes  conventionalized  to  a  state  far  more  decorative  than 
natural,  point  to  an  art  cast  in  the  mold  of  custom.  On  the  other  hand,  every- 
day scenes,  natural  posturing,  and  realistic  details  occupy  at  least  half  of  the 
decorated  space. 

A  diversity  of  skin  pigmentation  within  the  same  groups  gives  rise  to 
interesting  surmises.  Men  with  dark  red,  tawny,  light  tan,  tan  or  blue 
striped,  black  and  spotted  skins  are  all  to  be  seen  side  by  side.  There  seems 
to  be  no  color  differentiation  to  indicate  sex,  but  beyond  this  nothing  can 
yet  be  determined. 
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Dress  and  ornament  form  another  interesting  study.  Full  dress  in  the 
formal  style  includes  as  a  general  rule  an  elaborate  plumed  headdress,  capable 
of  infinite  variation,  a  long  feather  cape,  and  a  loin  cloth.  This  was  varied 
by  the  wearing  of  a  single  long  robe  decorated  either  to  resemble  the  spots  of  a 
jaguar  skin  or  a  decoration  of  jade  beads,  fringed  as  it  reaches  the  feet.  All 
these  garments  were  flat  and  stiff,  the  representation  of  soft  drapery  falling 
in  folds  apparently  being  beyond  the  brush  of  the  Maya  artist  of  this  period. 

A  more  informal  dress  consisted  of  plumed  headdress  and  loin  cloth,  or  a 
single  white  garment  of  medium  length  without  head  covering  except,  pos- 
sibly, a  close-fitting  skull  cap. 

Lastly,  four  representations  were  found  of  men  without  any  clothing  at  all, 
two  being  stripped  from  tip  to  toe.  One  had  his  arms  bound  behind  him,  the 
others  were  obviously  ceremonial  dancers. 

Footgear  was  invariably  the  same,  except  in  the  case  of  the  stripped 
captives.  The  sandal  was  composed  of  a  sole,  a  narrow  side  piece,  and  some 
sort  of  ankle  tie.     Within  these  limits,  however,  infinite  variety  is  achieved. 

The  figures  were  usually  heavily  ornamented.  Jade,  copper,  and  gold 
predominated,  with  the  occasional  introduction  of  some  substance  colored  a 
vermilion  (coral  ?).  The  figure  wearing  the  most  jewelry  had  a  pair  of 
earplugs,  a  noseplug,  beads  in  his  hair,  a  necklace  and  breast  plaque,  bracelets, 
anklets,  and  beads  or  bells  around  his  knees. 

The  personal  arms  borne  by  the  warriors  seem  to  be  inadequately  repre- 
sented. Shields  and  additional  long  cloth  armguards  are  to  be  seen,  and 
likewise  handfulls  of  long  and  short  darts,  feathered  at  the  shaft  and  tri- 
angularly tipped.  In  no  case  is  an  ailatl  or  spear-thrower  clearly  discernible, 
though  often  gripped  in  the  same  hand  as  the  darts  one  finds  an  object 
resembling  a  throwing  stick  or  boomerang.  This  may  be  a  conventionalized 
representation  of  the  atlatl,  which  they  undoubtedly  possessed. 

As  the  entire  temple  is  studied  section  by  section,  the  evidence  increasingly 
persuades  one  that  a  great  number  of  artists  took  part  in  its  mural  decora- 
tions. The  individualistic  treatment  of  subjects,  coloration,  drawing,  and 
general  skill  add  further  interest  to  the  interpretation  of  these  paintings. 

The  decoration  of  the  arched  roof  was,  in  general,  similar  to  that  of  the 
walls,  but  on  a  much  lower  plane  of  technical  skill.  Meticulously  treated 
subjects  were  avoided  and  large,  simple  designs  alone  appear,  and  even  these 
are  marked  by  distinct  crudity.  In  some  cases  the  paint  was  applied  directly 
on  the  stone  itself,  hence  the  preservation  of  the  design  has  been  more  com- 
plete than  on  the  walls  proper. 

The  base  of  the  exterior  wall  of  the  temple  sloped  at  a  slight  angle  to  a 
cornice  4  feet  10  inches  high.  This  is  covered  with  many  coats  of  plaster. 
About  two-thirds  of  the  way  in  (i.  e.,  from  the  outside)  a  design-bearing  la}'-er 
was  brought  to  light.  An  area  5  feet  long  of  these  outer  coats  was  peeled  off 
and  copied.  These  exterior  designs  were  on  a  large  scale  and  were  crude  in 
quality.  The  section  uncovered  represented  a  warrior  carrying  a  large 
plumed  staff  (?). 

As  the  rainy  season  came  on,  it  was  observed  that  the  altar  in  the  sanctuary 
of  the  temple  was  being  denuded  of  the  plaster  coating  which  carries  the 
painted  decoration.  Efforts  to  save  this  by  a  generous  use  of  successive  coats 
of  ambroid  were  only  partially  successful  and,  in  order  that  nothing  might  be 
lost,  scale  drawings  were  made  of  all  three  elevations  and  the  two  interior 
lines  of  Atlantean  figures,  and  these  were  painted  in  their  original  colors. 


ARCHAEOLOGY.  263 

Report  of  E.  H.  Morris  on  The  Temple  on  the  Northeast  Bank 
of  the  Xtoloc  Cenote  (Station  3). 

Mrs.  Morris  was  largely  instrumental  in  carrying  on  the  work  which 
was  begun  at  Station  3  along  the  Cenote's  edge  on  February  15.  The 
remains  of  a  stairway  were  found  at  this  point,  and  although  its  dimensions 
can  only  be  approximated,  it  was  probably  about  20  feet  wide  and  ascended  at 
least  6  feet  by  means  of  8  steps.  The  top  step  gave  on  to  a  terrace  paved 
with  hard,  smooth  plaster  painted  red.  Later  work  revealed  the  presence 
of  an  earlier  terrace  3  inches  below  the  level  of  the  first. 

When  excavated,  the  structure  facing  the  cenote  was  found  to  have  been  a 
temple  built  in  the  shape  of  a  "T,"  the  horizontal  axis  extending  from 
north  to  south  52  feet  8  inches,  the  vertical  east  and  west  axis  being 
37  feet  2  inches  long.  Owing  to  the  gradual  slope  of  the  ground  toward  the 
cenote  the  southern  two-thirds  of  the  temple  rises  from  a  basal  terrace  reach- 
ing a  maximum  height  of  3  feet.  The  northern  end  rests  directly  upon  the 
ground.     Two  steps,  29  feet  8  inches  wide,  lead  from  the  terrace  to  the  platform. 

Entrance  to  the  temple  proper  is  gained  through  5  doorways  in  the  western 
facade  passing  between  4  round  columns  with  rectangular  capitals,  and  the  2 
adjoining  antse.  These  doorways  give  into  the  largest  chamber,  a  colonnaded 
hall,  48  feet  long  and  13  feet  wide,  occupying  the  entire  horizontal  axis 
of  the  "T,"  the  roof  having  been  supported  by  6  additional  columns  like  those 
in  the  doorways,  arranged  in  a  single  row  down  the  middle.  The  free  ends  of 
the  antae  forming  the  outer  door-jambs  were  originally  sculptured,  but  the 
details  have  been  obliterated  by  weathering. 

In  the  northeast  and  southeast  corners  of  the  hall,  two  small  benches  were 
found,  each  3  feet  6  inches  wide  and  1  foot  6  inches  high,  but  of  unknown 
length,  since  the  ends  of  both  had  been  destroyed  in  ancient  times.  It  is 
becoming  increasingly  evident  that  such  benches  were  a  constant  feature  of 
temples  of  this  type,  this  being  the  fourth  found  during  the  past  two  years. 

Four  large  flat  stones,  resembling  roof  capstones,  were  found  lying  side  by 
side,  forming  a  rectangle  at  the  foot  of  the  bench  in  the  southeast  corner, 
though  for  what  purpose  it  was  not  possible  to  ascertain. 

Two  steps  lead  up  from  the  eastern  side  of  the  colonnaded  hall  through  3 
doorways  into  a  smaller  chamber,  measuring  19  feet  5  inches  long  by  6  feet 
wide.  Two  square  columns  carved  with  figures  of  warriors  and  priests,  done 
in  a  similar  though  inferior  style  to  those  discovered  last  season  at  the  North- 
east Colonnade,  form  the  triple  doorway  in  the  west  wall  noted  above. 

A  finely  worked  painted  capstone  was  found  in  the  southeast  corner  of 
this  middle  chamber.  Traces  of  a  banding  of  deep-blue  paint  still  surrounded 
that  part  which  would  have  been  exposed  to  view  in  the  finished  roof.  All 
further  traces  of  the  design  had  been  obliterated. 

The  only  certain  example  of  secondary  usage  was  found  in  this  middle 
chamber.  Three  carved  stones,  bearing  no  relation  either  to  the  wall  or  to 
each  other,  were  found  in  the  eastern  wall  next  to  the  north  jamb  of  the  door 
leading  into  the  third  chamber,  or  sanctuary. 

The  sanctuary  is  the  same  size  as  the  middle  chamber,  and  was  entered 
through  a  narrow  doorway  only  2  feet  6  inches  wide,  the  only  entrance  to  this 
innermost  chamber.  These  door  jambs  were  carved  in  the  likeness  of  men 
wearing  long  robes  beaded  with  jade  or  spotted  to  represent  jaguar  skins. 
The  lintel  over  this  doorway  was  covered  with  carving  of  a  crude  sort,  the 
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only  discernible  parts  of  the  design  being  portions  of  a  snake's  body  and, 
in  the  lower  left-hand  corner,  two  anthropomorphic  figures  presumably 
serving  a  fire  burning  upon  an  altar. 

Against  the  middle  of  the  back  or  east  wall  of  the  sanctuary,  an  altar  or 
raised  dais  had  been  built,  its  front  reaching  to  within  2  feet  10  inches  of  the 
doorway.  Within  this  narrow  space  and  directly  in  front  of  the  middle  of 
the  altar,  an  accidental  blow  of  a  pick  on  the  final  day  of  excavation  revealed 
the  presence  of  a  small,  sealed  vault  a  few  inches  below  the  plaster  finish 
of  the  floor.  On  excavation  this  proved  to  be  almost  completely  filled  with 
earth  and  stones,  but  a  few  fragments  of  fragile  bones  were  recovered  from 
the  filling.  Although  final  analysis  has  not  yet  been  made,  these  bones  are 
believed  to  be  those  of  a  small  child. 

By  far  the  most  notable  discovery  made  in  this  temple  was  that  the  back  wall 
of  the  arch  in  the  sanctuary  immediately  above  the  altar  had  originally  pre- 
sented a  handsomely  sculptured  panel.  Two-thirds  of  the  elements  which 
had  composed  it  were  found,  fallen  within  the  sanctuary  or  at  a  short  distance 
outside,  whither  they  had  been  carried  to  build  into  an  old  Spanish  wall. 

The  subject  matter  of  this  panel  has  already  been  described  (see  p.  249). 
Of  almost  equal  interest,  however,  was  the  highly  satisfactory  re-assemblage  of 
its  scattered  and  disassociated  elements,  which  it  was  possible  to  make,  giving 
its  original  size  and  shape,  as  well  as  convincing  proof  of  its  former  position  in 
the  now  fallen  roof  of  the  sanctuary. 

As  its  carved  elements  began  to  emerge  during  the  excavation  of  the 
sanctuary  their  similarity  of  treatment  led  to  the  plotting  of  both  their 
vertical  and  horizontal  positions,  each  stone  being  lettered  as  it  came  out, 
and  its  corresponding  position  noted.  When  excavations  were  completed  it 
was  found  that  12  sculptured  elements  had  been  recovered  from  the  sanctuary, 
and  one  from  immediately  outside. 

The  close  similarity  of  these  carved  blocks  at  first  led  to  the  conclusion  that 
they  had  been  removed  from  a  sculptured  panel  in  some  other  structure,  but 
on  account  of  the  unwieldy  character  of  the  large,  irregular  roof  blocks,  all 
attempts  at  fitting  them  together  at  first  proved  unsuccessful.  The  beautiful 
character  of  the  relief,  however,  suggested  drawing  each  element  singly  to 
scale,  and  this  procedure  was  immediately  followed  by  the  most  surprising 
and  satisfactory  results.  Reduced  to  this  easily  handled  form,  it  became 
possible  to  fit  most  of  the  fragments  together,  and  this  led  to  further  search 
outside  of  the  temple,  and  to  the  subsequent  recovery  of  6  more  elements,  a 
total  of  19,  or  about  two-thirds  of  the  original  panel. 

A  study  of  the  positions  where  the  12  blocks  inside  the  sanctuary  were 
found  established  not  only  where  this  panel  had  fallen  from,  i.  e.,  the  back 
arch  above  the  altar,  but  also  how  it  had  fallen,  i.  e.,  the  topmost  elements 
first  and  farthest,  that  is  nearest  to  the  doorway.  The  successive  tiers  in 
astonishingly  regular  order  had  rested  higher  and  nearer  to  the  arch,  until 
the  lowest  rows  were  reached,  which,  if  they  had  fallen  at  all,  must  have  re- 
mained exposed  on  the  surface  of  the  mound,  since  these  are  invariably  the 
elements  which  were  found  outside  at  a  distance.  Furthermore,  it  is  to  these 
lower  rows,  which  were  exposed  on  the  surface,  that  the  greater  number  of  the 
still  missing  elements  are  to  be  assigned. 

Elements  of  the  typical  3-member  cornice  were  observed  in  the  debris 
outside,  but  no  evidence  of  further  decoration  was  found. 
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The  work  of  preservation  and  repair  was  confined  strictly  to  saving  un- 
stable walls  and  columns  still  in  situ,  and  to  replacing  those  drums,  capitals, 
and  wallstones  which  had  been  displaced  by  the  removal  of  debris  in  the 
course  of  excavation. 

Report  of  0.  G.  Ricketson  jr.,  on  the  Repair  of  the  Caracol  (Station  No.  5). 

The  condition  of  the  building  called  the  Caracol  was  noted  as  in  "urgent 
need  of  immediate  repair  "  in  1924.  As  a  result  of  this  examination  and  further 
study  early  in  the  season  of  1925,  a  statement  of  the  specific  repairs  contem- 
plated, accompanied  by  diagrams,  was  sent  to  the  Department  of  Anthro- 
pology in  Mexico  with  a  request  for  permission  to  do  this  work  at  once,  in 
order  to  prevent  the  collapse  of  the  structure.  Permission  having  been 
granted,  the  work  was  carried  out  with  three  objectives  in  view:  (1)  to  pre- 
vent the  collapse  of  Window  No.  1,  (2)  to  support  the  outer  wall  on  the  west, 
and  (3)  to  support  the  outer  wall  on  the  southeast.  The  complete  erosion  of 
the  original  mortar  in  these  last  two  areas  necessitated  the  removal  of  dirt 
and  fallen  stones,  and  the  replacement  of  stones  in  situ,  laid  in  cement. 

It  was  felt  that  the  preservation  of  Window  No.  1,  long  suspected  of  having 
been  used  as  an  observatory,  was  the  most  important  operation.  This  aper- 
ture is  a  rectangular  passageway,  8  feet  3  inches  long,  2  feet  10  inches  high, 
and  2  feet  3  inches  wide,  facing  West  8°  30'  North  (Magnetic).  The  western 
jamb  was  found  to  be  leaning  toward  the  west  so  that  it  was  6  inches  out  of 
plumb,  and  the  northern  jamb  of  the  eastern  end  rested  precariously  on  a 
single  rock,  itself  without  any  solid  foundation.  To  build  a  buttress  in 
order  to  support  this  latter,  it  was  first  necessary  to  develop  a  base  sufficiently 
solid  by  repairing  the  west  wall. 

Work  was  consequently  begun  at  this  point,  directly  over  the  West  Door- 
way. Two  conditions  hitherto  un-noted  were  revealed:  (1)  the  necessity  of 
obtaining  faced  wall-stones  by  searching  and  digging  in  the  fallen  debris  to 
the  west  of  the  building,  and  (2)  the  extraordinarily  precarious  condition  of 
the  inner  wall  of  the  outer  circular  vault. 

These  conditions  were  overcome  by  building  up  the  outer  wall  three  courses 
above  the  5-member  cornice.  Wall  stones  from  the  debris  below  were  used, 
and  need  not  be  replaced  when  final  repairs  are  undertaken.  The  second 
condition  was  the  more  difficult  of  solution,  as  the  removal  of  a  single  vault 
stone  would  have  brought  down  the  whole  top.  Nor  could  the  debris  above 
be  removed,  as  it  was  the  weight  of  this  pressing  down  on  the  tenons  of  the 
wall-stones  that  prevented  the  vault  itself  from  collapsing.  Cement  was 
forced  into  the  spaces  between  the  stones;  after  this  hardened,  the  debris 
above  was  removed  as  far  as  possible,  and  more  cement  poured  over  the 
tenons  of  the  vault-stones. 

The  cap-stones  above  the  vault  of  the  inner  circular  corridor  in  the  northern 
quadrant  having  fallen,  these  were  replaced  laid  in  cement,  and  from  these  two 
solid  foundations  a  "skin"  of  cement  was  built  up  around  rocks  in  position 
until  a  firm  support  could  be  placed  under  the  eastern  jamb  of  Window  No.  1. 
The  whole  top  of  the  structure  was  then  cemented  to  prevent  erosion  by  the 
heavy  rains,  the  cement  being  worked  in  between  the  stones  after  the  original 
crumbling  mortar  had  been  removed.  In  this  work  only  loose,  superficial 
stones  were  removed,  and  no  effort  was  spared  to  maintain  original  stones  in 
their  original  positions. 
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The  third  and  last  area  of  repair  mentioned  above  was  the  outer  wall  on  the 
southeast.  Inasmuch  as  the  tenons  of  the  vault-stones  were  exposed  here 
the  work  consisted  entirely  in  the  filling-in  of  intervening  spaces  with  cement 
and  small  wedges. 

During  the  excavations  for  wall-stones  a  small  vase  was  found  intact.  It 
was  of  a  burnished  ware  with  a  metallic  luster. 

The  removal  of  the  loose,  superficial  dirt  and  stones  revealed  three  new 
constructions  of  interest,  whose  functions,  it  would  seem,  could  only  have 
been  for  making  astronomical  observations. 

The  first  of  these  is  Window  No.  2.1  It  is  a  small,  rectangular  passageway, 
9.5  inches  wide,  1  foot  2  inches  high,  and  5  feet  2  inches  long  in  the  mid-line, 
bearing  South  42°  West  (Magnetic) .  As  it  is  level,  a  view  through  it  intersects 
the  horizon,  giving  a  maximum  angle  of  vision — i.  e.,  by  moving  the  eye  from 
one  diagonal  to  the  other — of  20°  45'.  The  maximum  angle  of  vision  ver- 
tically is  15°. 

The  second  construction  was  a  third  line-of -sight,  called  Window  No.  3. 
It  too  is  a  small,  rectangular  passageway,  6  inches  wide,  1  foot  1  inch  high 
and  6  feet  4  inches  long.  Through  this  aperture  the  maximum  horizontal 
angle  of  vision  is  10°  45',  and  the  vertical  angle  23°. 

Both  of  these  constructions  emerge  through  an  interior  wall  to  the  east 
and  south  of  Window  No.  1,  which,  with  what  is  left  of  the  interior  wall  on  its 
north,  presumably  indicates  the  former  presence  of  an  observation  chamber 
at  this  point,  now,  however,  entirely  destroyed  except  for  this  southwest 
corner;  and  further  that  the  probable  entrance  to  such  a  chamber  was  by 
way  of  the  spiral  staircase  in  the  core  of  the  building. 

The  third  construction  uncovered  was  a  circular  vertical  shaft,  roughly  a 
foot  in  diameter,  extending  down  through  the  core.  No  estimate  of  its 
depth  could  be  made,  as  a  plumb-line  was  stopped  at  about  6  feet  by  washed- 
in  earth;  water,  however,  poured  down  the  shaft  came  out  the  core  into  the 
inner  circular  corridor  at  the  spring  of  the  arch.  Complete  excavation  will 
be  necessary  to  determine  whether  or  not  this  shaft  leads  into  a  central  room 
located  in  the  masonry  of  the  core,  and  if  so,  whether  or  not  it  could  possibly 
have  been  used  for  the  meridian  sight  of  any  celestial  body. 

Observations  were  made  through  Window  No.  1  at  frequent  intervals. 
The  maximum  angle  of  vision  on  the  horizon  is  30°.  It  was  noted  that  the 
sun  set  on  the  diagonal  drawn  from  the  northeast  corner  to  the  southwest 
corner  on  March  21,  1925,  that  it  passed  northward  15°  and  set  along  the 
midline  on  April  28,  1925,  and  that  it  then  continued  north,  setting  5° 
south  of  the  diagonal  drawn  from  the  southeast  corner  to  the  northwest 
corner  on  June  22,  1925.  The  function  of  this  window  as  a  solar  observatory 
for  determining  the  summer  solstice  and  the  equinoxes  would  seem,  therefore, 
to  be  established. 

The  results  of  these  field  observations  at  the  Caracol  were  sent  to  the  De- 
partment of  Terrestrial  Magnetism  for  analysis  and  the  Director,  Dr.  Bauer, 
under  date  of  June  24  has  written  Mr.  Ricketson  concerning  them  as  follows : 

1  Maudslay  (Biol.  Centr.  Americana,  vol.  Ill,  plate  21)  has  a  photograph  which  shows  Window 
No.  2.  Stephens  (Incidents  of  Travel  in  Yucatan,  vol.  n,  facing  p.  298)  also  figures  a  drawing 
clearly  showing  Windows  Nos.  1  and  2. 
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The  description  of  the  windows  of  the  Caracol  as  given  in  your  letter  of  May 
30  is  interesting  evidence  of  a  knowledge  of  practical  astronomy  among  the 
early  inhabitants  of  Yucatan. 

In  the  following  notes  the  jambs  are  designated  right  and  left  as  when 
looking  out,  and  azimuths  or  directions  are  astronomical: 

(a)  Window  1.  The  direction,  right  inner  jamb  to  left  outer  jamb  is  due 
west. 

(b)  Window  3.  The  direction,  right  inner  jamb  to  left  outer  jamb  is  due 
south. 

(c)  Window  2.  The  direction,  left  inner  jamb  to  right  outer  jamb  is  in 
azimuth  59°  reckoned  westward  from  south  or  in  amplitude  31°. 

(d)  Window  1.  The  direction,  left  inner  jamb  to  right  outer  jamb  has  the 
same  amplitude  north  of  west  (81°)  as  c  is  south  of  west. 

The  amplitude  of  the  Sun  at  setting  on  March  21,  was  0°  or  due  west  which 
accords  with  the  direction  under  a.  On  April  28  its  amplitude  was  15° 
north  of  west,  hence  it  appeared  exactly  down  the  mid-line  of  window  1  as 
you  observed. 

The  Sun's  amplitude  on  June  21  at  Chichen  Itza  is  25°,  consequently  it 
will  not  be  seen  setting  in  the  direction  given  under  d  as  you  anticipated,  but 
about  5°  further  to  the  left  or  westward. 

The  directions  c  and  d  are  the  directions  of  the  Moon  at  setting  when  its 
ascending  node  is  in  the  vernal  equinox;  that  is  when  its  declination  is  a 
maximum,  about  28°  36'.  Nothing  apparently  marks  the  direction  of  its 
setting  9^2  years  later  when  its  maximum  declination  for  the  year  is  reduced 
to  about  18°  25'  and  its  amplitudes  become  20°  north  or  south. 

Window  3  is  not  high  enough  for  direct  observations  of  the  Sun  at  noon  or 
the  Moon  at  meridian  passages;  hence,  if  it  was  constructed  for  such  observa- 
tions, it  must  have  been  the  shadows  of  the  jambs  cast  by  the  Sun  or  Moon 
that  were  noted.  Directions  a,  b,  c,  and  d  mark  astronomical  directions  of 
local  importance  whether  intentionally  or  unwittingly,  but  two  directions 
remain  for  which  I  can  assign  no  reason  at  the  present  time. 

The  above  directions  have  been  computed  with  the  assumption  that  the 
Sun  and  Moon  set  over  a  practically  level  stretch  of  country.  It  is  possible 
that  nearby  mountains,  deep  valleys,  or  other  landscape  features,  of  which 
we  have  no  information,  might  alter  the  computed  directions  several  degrees. 

It  should  be  noted  that  inasmuch  as  the  country  surrounding  Chichen 
Itza  is  literally  as  flat  as  a  table-top,  no  correction  for  neighboring  topographic 
features,  as  suggested  in  the  last  paragraph  above,  has  to  be  applied  to  the 
figures  given. 

In  conclusion  attention  should  be  called  to  the  fact  that  the  stones  framing 
the  eastern  or  "observation"  end  of  Window  No.  1  were  cemented  as  they 
stood,  no  attempt  being  made  to  correct  their  positions,  even  though  the 
correction  was  obvious,  so  that  all  future  observations  may  be  made  without 
fear  that  the  corrections  in  the  positions  of  the  stones  has  in  any  way  been 
conducive  to  or  suggestive  of  spectacular  or  desired  conditions. 

Report  of  0.  G.  Ricketson  Jr.  on  the  Temple  of  the  Four  Lintels  (Station  7). 

This  small  temple  in  Old  Chichen  Itza  is  a  rectangular  structure  41  feet 
9  inches  long,  from  east  to  west,  and  16  feet  10  inches  wide.  It  stands  on  a 
low  platform  roughly  20  inches  high,  81  feet  long  east  and  west,  and  66  feet 
wide.  The  temple  faces  north,  the  principal  entrance  being  opposite  2  steps 
in  the  center  of  the  north  side  of  the  platform.  Directly  in  front  of  the 
entrance,  3  feet  6  inches,  is  another  step,  10  inches  high,  and  at  the  very 
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threshold  another  step  of  the  same  height.  The  doorway  is  double,  having  a 
massive  central  column  of  3  square  blocks,  each  33  inches  square  by  21  inches 
high.  Above  these  there  is  a  rectangular  capital  39  inches  square  and  8 
inches  high,  and  below  is  a  corresponding  pedestal.  This  square  column  is 
flanked  on  either  side  by  a  doorway,  6  feet  high  and  3  feet  6  inches  wide. 
The  outer  jambs  of  both  of  these  doorways  consist  of  two  hewn  monoliths, 
one  for  each  opening,  6  feet  high,  1  foot  6  inches  wide,  and  2  feet  9  inches 
deep.  The  lintels  above  these  two  doorways  are  each  of  a  single  piece  of 
stone  bearing  hieroglyphs  in  panels  on  their  soffits  and  external  (northern) 
faces.  The  lintel  (No.  2)  over  the  east  doorway  is  4  feet  3  inches  long,  10 
inches  high,  and  2  feet  7  inches  deep,  and  the  lintel  (No.  3)  over  the  west 
doorway  varies  from  its  mate  only  by  fractions  of  an  inch. 

In  the  excavation  necessary  to  free  the  fallen  western  monolithic  jamb  and 
to  clean  the  area  directly  in  front  of  the  temple,  a  total  of  11  carved  stone 
heads  with  depressions  in  the  top  were  found.  All  of  these  were  found 
right-side  up,  so  that  it  might  be  inferred  that  they  occupied  their  original 
positions,  being  covered  with  fallen  debris,  and  that  they  did  not  themselves 
fall  from  above.  By  far  the  greater  proportion  of  them  had  the  "twisted 
doughnut"  ornament,  usually  associated  with  Tlaloc,  the  Rain  God. 

Inside,  the  temple  is  divided  into  at  least  two  rooms,1  the  smaller  of  which 
lies  at  the  east  end.  It  is  12  feet  long,  and  8  feet  9  inches  wide,  the  entrance 
to  it  being  through  a  doorway  opening  from  the  larger  western  chamber  of 
the  temple.  This  doorway  is  3  feet  wide,  and  the  lintel  above  it  is  carved 
with  hieroglyphs  on  the  soffit  and  on  the  side  facing  the  interior  of  the  tem- 
ple, i.  e.  west.  The  wall  pierced  by  this  doorway  bears  a  3-member  medial 
cornice,  a  type  of  decoration  found  on  the  outside  of  buildings.  Its  presence 
here,  on  an  inner  wall,  is  not  explicable,  especially  as  it  could  not  be  deter- 
mined by  the  jointure  of  the  stones  in  the  corners  that  this  small  chamber 
represents  an  older  temple  to  which  had  been  subsequently  added  a  newer 
construction  to  the  west.  Also,  the  dates  of  all  lintels  in  this  temple  are  the 
same:  11.9.13.0.0  (see  p.  250).     In  this  doorway  was  found  a  coarse  red  bowl. 

The  fourth  and  last  lintel  spans  a  doorway  2  feet  6  inches  wide,  which 
pierces  the  western  wall.  It,  like  the  others,  bears  glyph-panels  on  its 
soffit  and  on  its  external  (western)  face. 

In  concluding,  it  might  be  added  that  the  massiveness  of  the  rectangular 
column  in  the  main  entrance,  the  unusually  large  size  of  the  wall-stones,  and 
the  great  length  of  their  tenons,  all  argue  that  this  structure  (or  at  least  the 
materials  of  which  it  was  made)  is  of  an  earlier  epoch  than  the  Toltec  period 
at  Chichen  Itza,  when  smaller  building  blocks  were  used. 

Less  than  200  yards  to  the  south,  another  small  rectangular  temple  with 
three  rooms  was  noted.  It  also  faces  north,  and  is  57  feet  long,  east  and  west. 
The  entire  front  of  this  building  having  collapsed,  it  was  inferred  by  the 
intact  back  and  partition  walls  of  its  three  rooms  that  access  to  them  must 
have  been  through  the  three  main  doorways  in  the  north  wall  or  front,  the 
plain  lintels  of  which  were  all  found.  The  south  or  back  wall,  still  standing, 
however,  gave  evidence  of  elaborate  decoration;  this  consists  of  a  band  of 
column-like  carvings  in  low  relief  and  great  areas  of  wall-stones  carved  in  a 
denticulate  design,  resembling  a  similar  decoration  in  the  Monjas. 

1  The  complete  excavation  of  the  temple  was  not  attempted,  work  being  confined  to  that 
necessary  for  replacing  the  hieroglyphic  lintels  in  their  orginal  positions  on  the  door-jambs. 
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Both  of  these  structures  from  the  style  of  their  architecture  as  well  as 
from  the  dates  on  the  hieroglyphic  lintels  would  appear  to  date  from  the 
Middle  Period  of  the  city's  history,  from  965  to  1191  A.  D.,  i.  e.,  during  the 
second  occupation  but  before  the  advent  of  the  Toltec  conquerors. 

Report  of  Karl  Ruppert  on  the  Secondary  Constructions  in  the  Court 

of  the  Columns. 

On  April  14,  there  occurred  at  Chichen  Itza  the  heaviest  hail-storm  within 
the  memory  of  anyone  living  in  the  region.  The  individual  hail-stones 
were  in  many  cases  1.25  inches  in  diameter,  and  such  was  their  size  and  num- 
ber that  they  had  not  entirely  melted  24  hours  later. 

The  most  striking  effect  of  this  fall  of  ice  was  that  it  literally  beat  the  forest 
bare.  Scarcely  a  leaf  remained  on  a  tree;  the  bush  in  every  direction  looked 
like  a  December  landscape  in  the  United  States,  the  trees  gaunt  and  naked, 
stripped  completely  of  their  foliage.  Even  the  undergrowth,  bushes,  vines, 
grasses,  etc.,  were  beaten  to  the  ground  until  the  city  was  exposed  to  view,  as 
doubtless  it  had  not  been  since  the  days  of  its  final  abandonment  in  the  middle 
of  the  fifteenth  century. 

This  general  denudation  and  clearing  of  the  ruins  brought  to  light  many 
hitherto  unsuspected  archaeological  features,  among  others  a  number  of  low 
secondary  constructions  in  the  Court  of  the  Columns,  and  advantage  was 
taken  of  the  unique  opportunity  to  make  a  preliminary  survey  of  them  before 
they  should  have  disappeared  again  beneath  the  swiftly  growing  bush. 

The  survey  revealed  about  58  structures  and  mounds  which  may  be  classi- 
fied according  to  shape  as:  (1)  rectangular,  (2)  round  or  oval,  (3)  irregular, 
(4)  L-shaped,  and  (5)  square.  The  structures  are  somewhat  unevenly 
arranged  in  the  court  in  four  great  rows,  extending  from  north  to  south. 

There  are  25  rectangular  structures  which  vary  in  size  from  No.  1,  the 
smallest,  which  is  3  by  8  feet,  to  No.  4,  the  largest,  which  is  34  feet  8  inches  by 
13  feet  9  inches,  the  long  axis  of  19  of  them  being  east  and  west.  In  some 
cases,  they  are  composed  only  of  an  outline  of  unworked,  worked,  and  even 
discarded  sculptured  stones  set  in  the  ground,  level  with  the  Court  floor.  In 
others  the  outlining  stones  may  be  one,  two,  or  even  three  tiers  high,  in  which 
latter  case  the  inclosed  area  has  been  filled.  When  the  inclosed  area  is  level, 
or  not  more  than  6  inches  above  the  court  floor,  in  many  cases  it  is  paved  with 
discarded  wall  stones.  Two  structures  in  diagonal  corners  of  the  court 
bear  striking  similarities.  In  the  northwest  corner,  No.  3  is  composed  of  8 
rectangular  column  blocks,  and  No.  40,  in  the  southeast  corner  is  made  of  7 
rectangular  column  blocks.  Both  are  arranged  in  the  form  of  a  rectangle 
with  an  average  length  of  5  feet  and  a  width  of  4  feet  5  inches,  their  long  axes 
being  east  and  west.  The  inclosed  area  in  each  is  raised  a  foot  above  the 
level  of  the  court  floor;  and  each  has  a  cylindrical  column  drum  in  its  center. 

Structures  Nos.  11,  20,  21,  31,  52,  and  23  are  L-shaped.  The  last  two  may 
prove  on  excavation  to  belong  to  another  group.  In  each  case  the  base  of 
the  "L"  is  toward  the  east,  with  the  long  arm  along  the  south.  No.  11  is  the 
largest  of  these  L-shaped  structures.  It  is  raised  a  foot  above  the  court 
floor  level,  and  is  paved  with  wall  stones  except  in  the  southeast  corner,  where 
column  drums  have  been  set  in  the  floor  for  that  purpose.  The  long  arm  of 
the  "  L"  toward  the  west  is  not  paved,  being  merely  outlined  by  a  row  of 
cornice  and  wall  stones.    This  structure  measures  55  feet  on  the  south, 
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21  feet  8  inches  on  the  east,  13  feet  9  inches  at  the  north  end  of  the  short  arm, 
and  11  feet  6  inches  at  the  west  end  of  the  long  arm. 

Five  of  the  structures  at  present  fall  into  the  square  group.  The  best 
preserved  of  these  is  No.  22,  in  the  southwest  corner  between  what  may  be  a 
small  ball  court  and  the  south  end  of  the  West  Colonnade.  It  is  formed  by 
a  low  terrace,  45  feet  on  the  east,  44  feet  on  the  south,  46  feet  on  the  west, 
and  43  feet  on  the  north.  A  small  temple  had  been  built  on  this  terrace,  of 
which  the  talud  and  cornice  still  remain.     The  entrance  is  from  the  east. 

Structure  No.  45,  along  the  south  edge  of  the  court,  consists  of  5  circular 
stones  that  have  been  set  in  the  floor  of  the  plaza  in  two  rows  extending  north 
and  south.  The  stones  average  one  foot  in  diameter  and  each  has  an  aper- 
ture in  the  center,  6  inches  in  diameter.  These  stones  may  well  have  been 
supports  for  awnings  or  flag-staffs.  Another  group  of  similar  perforated 
circular  stones  is  known  to  have  existed  formerly  in  the  central  part  of  the 
court,  but  only  one  of  these  now  remains  in  situ  (No.  14). 

The  round  or  oval-shaped  structures  are  mostly  mounds  in  which  the  out- 
lining walls  are  not  easily  discernible.  Of  this  class,  4  out  of  7  have  their  long 
axes  east  and  west.  The  largest,  No.  34,  is  located  in  the  southeast  quarter 
of  the  court.  It  is  oval  in  shape,  rising  2.5  feet  above  the  plaza  level,  and 
measures  17.5  feet  north  and  south  by  15  feet  5  inches  east  and  west.  This 
mound  is  formed  both  of  large  dressed  blocks  and  crude  unworked  stones. 

There  are  15  structures  belonging  to  the  irregular  group.  These  are 
mostly  mounds  which  on  excavation  will  fall  into  one  of  the  other  classes. 
The  shape  of  No.  32  is  not  well  indicated.  The  east,  north,  and  west  sides  are 
straight,  with  the  south  side  rounded.  The  mound  measures  24  feet  north 
and  south,  and  18  feet  east  and  west  and  is  raised  3  feet  above  the  plaza  floor 
level.  On  the  west  side,  just  north  of  the  curved  outlining  wall,  is  what  ap- 
pears to  be  a  series  of  three  steps.  Mr.  Morris  made  a  test  pit  in  the 
northeast  corner  of  this  mound  in  1924,  exposing  a  group  of  column  drums. 
One  other  structure,  No.  8,  was  partially  excavated  by  Mr.  E.  H.  Thompson 
some  years  ago.  This  area  measures  13  feet  by  12  feet  and  is  now  marked  by 
an  oval  depression  in  which  a  cache  of  column  drums  was  found.  With  the 
exception  of  these  two  mounds,  no  excavation  has  been  done  in  the  court. 

Perhaps  the  most  salient  feature  of  most  of  these  low  constructions  is  the 
very  general  presence  in  them  of  re-used  material  from  other  buildings,  such 
as  scupltured  blocks,  column  drums,  wall,  and  cornice  members.  This 
secondary  usage  of  earlier  building  elements  argues  for  a  comparatively  late 
origin,  which  is  in  keeping  with  the  crude  masonry  characterizing  them. 
Indeed,  it  seems  fairly  safe  to  conclude  that  they  date  from  a  period  when 
the  city,  having  already  passed  its  zenith,  was  on  the  decline,  and  in  some 
cases  they  may  even  date  from  post-Conquest  times. 

It  has  been  suggested  that  they  were  house  foundation-platforms,  dating 
possibly  from  as  late  as  the  Spanish  Period,  or  that  they  were  market-stalls, 
the  surrounding  court  being  the  great  market-place  of  the  city  in  ancient 
times,  or  again  that  they  were  dance-platforms  such  as  Bishop  Landa 
describes,  or  even  places  where  sacrifices  might  have  been  made  in  public. 
But  the  correct  explanation  of  their  former  use  must  await  further  excavation 
and  study.  Such  is  their  number  and  location — in  the  very  center  of  the 
Group  of  the  Thousand  Columns — that  it  would  seem  advisable  to  continue 
the  investigation  of  these  structures  so  happily  exposed  by  the  great  hail-storm 
of  April  14. 
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Van  Deman,  Esther  B.,   Rome,   Italy.    Associate  in  Roman  Archaeology. 
(For  previous  reports  see  Year  Books  Nos.  6-15,  20-24.) 

In  accordance  with  the  schedule  of  work  adopted  a  few  years  since,  the 
past  year  has  been  devoted,  for  the  most  part  (1)  to  the  preparation  for  publi- 
cation of  the  special  investigations  of  most  importance  for  other  workers  in 
the  archaeological  field,  namely,  the  reconstruction  of  the  Sacra  Via  of  the 
period  of  Nero,  referred  to  in  the  last  report,  and  the  history  and  description 
of  the  construction  of  the  ancient  Roman  aqueducts;  and  (2)  to  the  more 
general  investigations  connected  with  the  work  on  the  history  of  Roman 
construction. 

Through  the  generosity  of  friends  of  the  work,  two  important  contributions 
have  also  been  made  to  the  permanent  body  of  archaeological  material  avail- 
able for  the  use  of  students  of  Roman  topography  and  archaeology.  These 
contributions  consist  of  an  extensive  series  of  large  photographs  of  the  remains 
of  the  Roman  aqueducts  and  of  a  large  collection  of  stamped  bricks  belonging 
to  various  periods. 

As  stated  in  the  last  report,  a  special  investigation  was  made  in  the  winter 
of  1923-24  of  the  architectural  remains  of  the  great  porticus  of  Nero  in  the 
region  of  the  Sacra  Via,  the  structural  remains  of  which  were  published  in 
1923.  These  architectural  remains  consist,  so  far  as  at  present  determined, 
of  (1)  36  voussoirs  of  travertine,  17  of  which  still  preserve  portions  of  well- 
cut  archivolt  moldings,  with  one  of  larger  dimensions  belonging,  possibly, 
to  the  fagade  of  the  Neronian  palace  on  the  Palatine  above,  to  which  the  new 
clivus  Palatinus  led;  (2)  of  4  broken  blocks  forming  part  of  the  piers  of  the 
arcades  beside  the  Sacra  Via  and  the  clivus  Palatinus;  (3)  of  3  fragmentary 
portions  of  the  cornice,  with  (4)  5  sections  of  the  flight  of  steps  leading  to 
the  arcades.  While  contributing  not  a  little  to  our  general  knowledge  of 
ancient  construction  the  investigation  and  the  reconstruction  based  upon  it, 
which  is  now  in  press,  are  of  very  great  importance  in  that  they  make  it  clear 
that  the  fagade  of  the  porticus  on  both  sides  of  the  Sacra  Via  and  of  the 
arcade  along  the  west  side  of  the  clivus  Palatinus  rose  continuously,  following 
closely  the  slope  of  the  street  below,  instead  of  by  a  series  of  level  sections. 
The  use  of  this  method  of  construction  in  the  porticus,  found,  according  to 
Mr.  Albert  G.  Clay,  to  whose  scholarly  work  the  reconstruction  is  largely  due, 
in  Bernini's  colonnade  at  St.  Peter's,  while  suggested  by  the  slope  of  the  con- 
crete foundations,  is  shown  conclusively  by  the  remains  of  the  steps  and  by  the 
keystone  of  one  of  the  arches,  the  height  of  which  differs  on  the  east  and  west 
sides.  The  group  of  fragments  beside  the  Sacra  Via  to  the  west  of  the  so-called 
temple  of  Romulus,  containing  portions  of  at  least  3  arches,  is  also  of  special 
interest,  since  they  led  to  the  location  of  the  fornix  Fabianis — to  which  they 
were  assigned — at  this  point  instead  of  at  the  lower  end  of  the  Sacra  Via,  as 
has  been  shown  elsewhere,1  north  of  the  temple  of  Julius  Caesar.  The  existing 
remains  of  the  vestibulum  of  the  Golden  House,  to  which  the  double  porticus 
may  be  regarded  as  a  monumental  approach,  consist,  so  far  as  now  visible, 
(1)  of  a  few  travertine  bases  or  traces  of  bases  belonging  to  the  fagade  of  the 
vestibulum,  (2)  of  a  row  of  massive  blocks  in  front  of  the  bases,  on  which 
rested  the  steps  leading  to  the  entrance  above,  and  (3)  of  a  single  travertine 
block  in  which  are  cut  three  steps  of  a  circular  stairway  belonging,  possibly,  to 
the  colossal  statue  of  Nero,  which  stood  in  the  center  of  the  court.     The 

1  The  Sullan  Forum,  Journ.  of  Roman  Studies  (London),  vol.  xu,  pp.  26-28. 
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remains,  which  are  unfortunately  no  longer  visible,  of  a  splendid  group  of 
rooms  at  a  lower  level  and  to  the  east  of  the  basilica  of  Maxentius  have  very 
recently  been  identified  as  belonging  to  the  domus  Transiloria. 

While  a  full  report  of  the  extensive  work  on  the  construction  of  the  Roman 
aqueducts  must  be  reserved  for  a  later  report,  a  few  preliminary  notes  may 
be  of  interest.  The  investigation,  which  was  begun  a  number  of  years  ago, 
with  the  cooperation  of  Dr.  Thomas  Ashby,  to  whose  exhaustive  work  it  is 
to  be  held  as  merely  supplementary,  deals  with  the  history  of  the  construction 
of  the  different  aqueducts  and  the  period  and  description  of  their  existing 
remains.  For  the  earlier  history  of  the  aqueducts  a  considerable  body  of 
external  evidence  is  furnished  by  the  ancient  writers  and  by  inscriptions; 
for  the  later  and  more  difficult  periods,  on  the  other  hand,  but  little  such  evi- 
dence is  available.  The  establishment  of  the  canon  of  construction  as 
applied  to  the  aqueducts,  therefore,  and  the  compilation  of  the  chronological 
list  of  the  existing  remains  has  been,  of  necessity,  based  in  large  part  on  an 
intensive  study  of  the  remains  themselves.  In  addition  to  the  more  important 
general  principles  established  by  the  investigations,  a  number  of  lesser,  though 
not  unimportant  results,  have  been  reached  which  have  a  considerable 
bearing  on  certain  of  the  several  periods  involved,  among  the  most  inter- 
esting of  which  may  be  noted:  (1)  the  differentiation  in  type  between  the  two 
great  periods  of  restoration  belonging  to  the  reign  of  Augustus;  (2)  the 
recognition  of  an  important  restoration  of  all  the  greater  aqueducts — not 
before  suspected — by  Hadrian;  (3)  the  assignment  to  the  period  of  Septimius 
Severus  and  Caracalla  of  extensive  restorations  commonly  held  to  be  the  work 
of  other  emperors;  and  (4)  the  determination  of  the  period  of  a  number  of 
the  later  restorations  not  so  far  settled.  The  compilation  of  the  chronological 
list  of  the  remains,  a  Herculean  task,  with  the  ordinary  means  at  our  disposal, 
has  been  rendered  possible  at  this  time  by  the  use  of  the  automobile  belonging 
to  the  Near  East  Expedition  of  the  University  of  Michigan  in  connection  with 
the  photographic  work  mentioned  above. 

While  the  less  spectacular  but  most  vital  work  on  the  revision  of  the  text 
of  the  general  history  of  Roman  construction  has  suffered  somewhat  from 
the  pressure  of  other  and  more  urgent  duties,  considerable  advance  has  been 
made.  In  connection  with  the  study  of  the  structural  materials  referred  to 
in  the  last  report,  a  list  has  been  made  of  the  more  important  decorative 
materials,  namely,  marbles,  granites,  basalts,  and  porphyries,  with  a  brief 
description  of  each.  The  provenance  of  a  large  number  has  been  determined 
and  the  approximate  date  of  their  introduction  into  Rome.  While  any  final 
consideration  of  the  bearing  of  these  data  on  the  history  of  the  various  monu- 
ments in  which  these  materials  occur  must  be  for  the  present  postponed, 
certain  general  facts  have  been  established.  A  formal  detailed  outline  of 
the  whole  of  the  book  on  Roman  construction  was  also  completed  in  June. 

The  urgent  need  has  for  a  long  time  been  felt  of  a  permanent  record  by  the 
aid  of  photography  of  the  vanishing  remains  of  the  greater  Roman  aqueducts, 
especially  of  those  which  are  in  most  danger  of  destruction  from  the  forces 
of  nature  as  well  as  from  the  inevitable  demands  of  modern  Italian  life. 
By  the  generosity  of  the  Near  East  Expedition  of  the  University  of  Michigan, 
the  invaluable  services  of  its  official  photographer,  Mr.  George  R.  Swain,  and 
the  use  of  the  car  belonging  to  the  Expedition  were  made  available  for  this 
important  undertaking.    After  several  weeks  of  preliminary  preparation  a 
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fortnight  in  October  and  in  February  were  given  to  the  field.  All  of  the  im- 
portant remains  of  the  four  great  aqueducts  from  the  source  of  the  Anio 
Novus  at  Subiaco  to  Rome  as  well  as  many  of  those  of  the  lesser  aqueducts 
were  visited,  under  the  guidance,  when  practicable,  of  Dr.  Ashby,  and  from 
one  to  a  dozen  photographs  were  made  of  each  group.  Over  350  photographs 
of  various  sizes  were  taken,  including  over  50  aqueduct  bridges  in  the  more 
inaccessible  parts  of  the  Campagne  as  well  as  the  long  series  of  arches  near 
the  city.  While,  at  present,  owing  to  the  enormous  expense  involved,  a  small 
number  only  of  these  photographs  can  be  published,  the  entire  series  will  form 
a  part  of  the  photographic  collection  of  the  University  of  Michigan  and  so  be 
accessible  for  future  workers  at  all  times. 

By  the  generous  gift  of  Dr.  Thomas  Ashby,  Director  of  the  British  School 
in  Rome,  the  American  Academy  has  recently  come  into  possession  of  a  rare 
collection  of  over  500  stamped  bricks  covering  the  more  important  periods 
during  which  stamps  were  used  in  Rome.  Though  somewhat  smaller  than 
several  of  the  collections  in  the  Roman  Museums,  the  collection  is  almost 
unique  in  the  preservation  of  the  specimens  in  the  forms  in  which  they  were 
found  and  in  the  accurate  record  accompanying  them  of  the  spot,  and  when 
possible,  of  the  monument  from  which  they  come.  While  found,  for  the 
most  part,  in  later  walls,  they  represent  in  their  original  form  the  various 
types  used  in  and  near  Rome  and  bear  the  names  of  a  large  number  of  brick- 
yards. A  small  number  come  from  points  not  immediately  connected  with 
Rome. 

Warmest  thanks  are  due  to  the  American  Academy  in  Rome,  not  only  for 
the  privileges  of  their  library,  but  also  for  the  use  during  the  year  of  a  special 
study,  by  which  the  work  has  been  much  facilitated,  as  well  as  to  the  director, 
Gorham  P.  Stevens,  without  whose  generous  assistance  the  work  of  the  year 
would  have  lacked  much  of  its  success. 
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Garrison,  Fielding  H.,  Army  Medical  Museum,  Washington,  D.  C.  Prepara- 
tion and  publication  of  the  Index  Medicus.  (For  previous  reports  see 
Year  Books  Nos.  2-23.) 

The  Index  Medicus  for  1924  covers  958  pages,  the  author-index  of  the 
volume  102  pages.  The  volume  for  1923  and  its  author-index  comprise 
1,113  and  113  pages  respectively.  The  slight  decrease  is  by  no  means  due 
to  any  decrease  in  the  amount  of  current  medical  literature  on  hand,  but  to 
the  necessity  of  keeping  the  annual  volume  within  the  limits  of  the  present 
appropriation,  with  reference  to  the  high  cost  of  printing.  Apart  from  the 
strictly  scientific  literature  of  medicine  (the  work  done  in  laboratories,  clinics, 
and  by  the  best  type  of  practitioner),  the  bulk  of  the  literature  is  made  up  of 
general  reviews  and  repetitions  of  things  accomplished  and  already  known, 
usually  appearing  as  annual  addresses  and  perfunctory  papers  before  soci- 
eties, lectures  at  stated  intervals  for  lyceum  foundations,  historical  surveys, 
signed  feuilletons  and  reviews,  and  papers  of  the  kind  described  by  the  late 
Dr.  Fletcher  as  "  sophomorical "  in  content  and  character.  While  such 
literature  is  of  unique  value  as  a  fertilizing  medium  (its  raison  d'etre),  it  is 
inevitably  ploughed  up  into  the  soil  as  compost  and  forgotten  in  the  end. 
Mindful  of  the  old  rule  of  the  Index  Medicus,  that  "reports  of  progress" 
are  to  be  omitted,  only  the  best  of  such  literature  has  been  retained  in  the 
system  of  exclusion,  since  it  may  be  found  in  its  place,  on  occasion,  in  the 
open  subject  files  of  the  Surgeon  General's  Library.  To  print  all  the  literature 
indexed  in  the  files  of  current  periodicals,  as  a  continuous  record,  would 
require  fully  twice  the  amount  of  the  present  appropriation. 

Meanwhile  an  extraordinary  increase  in  the  literature  of  scientific  medicine, 
particularly  in  the  literature  of  laboratory  experimentation,  has  been  notice- 
able since  the  European  War.  The  trend  of  this  body  of  literature  is  peculiar 
in  that  it  harks  back  to  certain  principles  followed  by  French  physiologists  in 
the  early  part  of  the  19th  century.  The  tendency  of  ante-bellum  experi- 
mentation was  to  pose  a  definite  problem  and  attack  it  by  some  definite  plan, 
as  in  Ehrlich's  experiments  on  salvarsan  or  Emil  Fischer's  synthetic  work  on 
polypeptides  and  veronal.  Post-bellum  experimentation  follows  the  trend  of 
Magendie's  aphorisms  that  "medicine  is  science  in  the  making,"  that  experi- 
mentation should  have  the  spontaneous  laisser  aller  of  a  browsing  animal,  that 
one  should  collect  facts  "like  a  rag-picker"  (chiffonier).  Thus  the  trend  of 
recent  experimentation  on  insulin  is  concerned  with  the  possible  effects  of 
this  hormone  on  all  parts  of  the  body  and  on  other  chemical  substances,  as 
also  the  effects  of  different  substances  on  insulin.  The  same  maze  of  multi- 
plex correlations  is  apparent  in  the  study  of  seemingly  unrelated  diseases,  in 
accordance  with  Charcot's  dictum  that  many  disparates  in  pathology  are 
related  as  terms  in  a  mathematical  series.  This  literature  is  extensive, 
complex  and  exceedingly  difficult  to  classify,  except  under  very  general 
headings. 

Since  the  adoption,  in  1921,  of  the  alphabetical  arrangement,  whereby 
the  four  quarterly  numbers  of  the  journal  index  themselves  as  to  subject- 
rubrics,  some  of  the  older  physicians  and  medical  librarians  have  expressed 
a  distinct  preference  for  the  arrangement  of  subjects  followed  during  1879- 
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1920,  with  monthly  numbers  and  a  separate  Subject-Index.  The  answer  to 
this  objection  is  that  the  plan  of  having  a  bibliographical  journal  index  itself 
as  to  author  and  subject  entries,  by  the  dictionary  order  employed  in  the 
Index  Catalogue  of  the  Surgeon  General's  Library  to  date  (1880-1925)  and 
followed  by  the  American  Medical  Association  in  its  Quarterly  Cumulative 
Index,  is  strictly  scientific,  as  saving  labor  and  preventing  dissipation  of 
energy.  Those  used  to  and  enamoured  of  the  older  plan  forget  that  if  a 
given  article  must  be  sought  for  in  four  different  numbers  of  the  present 
Index  Medicus,  no  less  than  twelve  monthly  numbers  had  usually  to  be  con- 
sulted under  the  arrangement  of  1879-1920,  at  the  expenditure  of  thrice  the 
time  and  labor,  even  with  the  subject-index  at  hand.  Furthermore,  when 
the  Index  Medicus  was  issued  monthly  (up  to  1921),  the  Carnegie  Institution 
of  Washington  was  constantly  beset  with  complaints  as  to  the  belated  issu- 
ance of  these  numbers,  from  subscribers  unmindful  of  the  fact  that  when  the 
printed  revises  of  any  medical  book  or  pamphlet  are  turned  over  to  its 
printers,  the  unaccountable  delays  are  due  to  the  administration  of  printing 
offices  and  not  to  the  publishers  or  editors. 

During  1922-24,  the  Index  Medicus  has  been  under  the  editorial  manage- 
ment of  Major  Arthur  N.  Tasker,  M.  C,  U.  S.  Army,  and  Dr.  Albert 
Allemann,  Principal  Assistant  Librarian,  Surgeon  General's  Office,  Washing- 
ton, D.  C. 
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Castle,  W.  E.,  Harvard  University,  Cambridge,  Massachusetts.  Continua- 
tion of  experimental  studies  of  heredity  in  small  mammals.  (For  previous 
reports  see  Year  Books  Nos.  3-23.) 

Research  activities  of  the  past  year  have  been  devoted  chiefly  to  a  further 
study  of  genetic  linkage  in  rabbits.  Nine  characters  have  been  investigated, 
each  of  which  behaves  in  heredity  as  a  simple  Mendelian  unit.  To  investigate 
all  possible  relations  of  linkage  among  nine  unit  characters  would  require  36 
separate  experiments.  But  it  is  possible  to  reduce  the  number  somewhat  by 
combining  two  or  more  experiments  in  one,  when  the  nature  of  the  char- 
acters under  investigation  permits,  that  is  when  epistasis  and  hypostasis  do 
not  interfere.  Also,  when  close  linkage  has  been  shown  to  exist  between'  two 
characters,  tests  for  linkage  of  one  may  be  substituted  for  tests  of  the  other 
in  relation  to  the  remaining  characters.  Such  substitution  assumes  the 
correctness  of  the  current  theory  of  chromosome  inheritance,  an  assumption 
which  in  the  present  state  of  knowledge  it  is  desirable  to  verify  on  a  variety  of 
organisms.  So  far  the  work  with  mammals,  on  which  I  have  been  engaged 
for  some  years,  is  in  full  accord  with  that  theory. 

To  make  a  fully  satisfactory  test  for  linkage  between  two  characters  is  a 
somewhat  laborious  and  time-consuming  process  in  mammals,  where  crossing- 
over  occurs  in  both  sexes.  It  involves  first  a  cross  which  will  bring  the  two 
characters  into  the  same  individual,  each  in  a  heterozygous  state,  after  which 
the  double  recessive  combination  must  be  secured  if  it  does  not  already  exist. 
This  usually  requires  two  generations  and  sometimes  a  third,  if  the  desired 
combination  is  to  be  obtained  in  an  adequate  number  of  individuals.  When  a 
sufficient  stock  has  been  produced,  both  of  double  recessive  and  of  doubly 
heterozygous  individuals,  the  two  are  to  be  intercrossed  and  a  careful  record 
kept  of  the  proportions  of  the  four  classes  of  young  which  result.  The 
equality  or  inequality  of  the  original  as  compared  with  the  new  combina- 
tions of  characters  among  the  young  will  be  the  criterion  for  the  absence  or 
presence  of  linkage,  but  in  applying  this  criterion  the  departure  from  equality 
must  be  carefully  measured  in  terms  of  its  probable  error,  otherwise  fallacious 
conclusions  may  be  reached.  Since  the  probable  error  diminishes  with  the 
progress  of  the  experiment,  it  is  often  necessary,  when  the  issue  is  in  doubt,  to 
produce  large  numbers  of  back-cross  young  before  a  conclusion  beyond  ques- 
tion can  be  reached. 

Up  to  the  present  21  tests  for  linkage  between  character  pairs  in  rabbits 
have  been  made,  the  results  of  most  of  which  are  conclusive.  Several  other 
tests  are  in  progress  but,  from  the  results  already  obtained,  it  seems  doubtful 
whether  additional  cases  of  linkage  will  be  discovered.  Those  already 
established  involve  three  (possibly  four)  characters  in  one  linkage  system,  and 
two  in  a  second  system.  The  three  characters  known  beyond  question  to  be 
involved  in  one  linkage  system  (chromosome)  are  English  spotting,  Dutch 
spotting,  and  Angora  coat.  (See  previous  reports.)  Present  indications  are 
that  a  fourth  character,  Vienna  White,  also  belongs  in  this  linkage  group,  but 
the  evidence  for  this  is  not  yet  beyond  question.  The  second  linkage  group 
has  been  demonstrated  conclusively  since  the  last  report,  at  which  time  it  was 
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indicated  by  preliminary  results.     It  involves  the  color  gene  and  its  several 
allelomorphs  on  one  hand  and  brown  pigmentation  on  the  other. 

The  list  of  nine  characters  involved  in  the  linkage  tests,  with  their  abbrevia- 
tions or  abbreviations  of  their  dominant  allelomorphs,  is  as  follows: 


1  Agouti,  A. 

6  English,  Eng. 

2  Brown,  B. 

7  Angora  (long  hair),  L 

3  Color  (albinism),  C. 

8  Vienna  White,  V. 

4  Dilution,  D. 

9  Dutch,  Du. 

5  Extension,  E. 

The  gene  relations  which  have  been  tested  are  listed  in  Table  1,  with  the 
number  (n)  of  back-cross  young  produced,  the  crossover  percentage  among 
these  young,  its  probable  error  (P.  E.),  and  the  statistical  significance  of  the 
result  as  indicated  by  the  ratio,  departure  from  50  per  cent  divided  by  the 

probable  error  (  —      '  -  ). 
\P.  E.)/ 

Table  1. — List  of  linkage  tests  made  and  their  probable  significance. 


Gene-relations. 


A-C.  . 

A-D.. 

A-E.  . 

A-Eng, 

B-C. 

B-E.  . 

B-Eng 

B-V.. 

C-D.. 

C-E.. 

C-Eng 

C-L... 

C-V.. 

D-E.  . 

D-Eng. 

E-Eng. 

E-L... 

E-V.. 

Eng.-L 

L-V... 

L-Du. 


110 
195 
128 
184 
645 
118 
173 
136 
120 
83 
112 
170 
23 
252 
549 
272 
235 
35 

1560 
283 

1213 


Crossover 
per  cent. 


46.4 
51.7 
46.8 
44.5 
36.1 
50.0 
53.7 
55.1 
51.6 


P.  E. 


58 

47 

55 

52 

50 

51 

50.7 

54.0 

42.8 

13.0 

43.4 

14.3 


3.2 
2.4 
2.9 
2.5 
1.3 
3.1 
2.5 
2.9 
3.0 
3.7 
3.2 
2.6 
7.0 
2.1 
1.4 
2.0 
2.2 
5.7 
0.8 
2.0 
0.9 


dif. 


P.  E. 


1.1 
0.6 
1.0 
2.1 

10.4 
0.0 
1.4 
1.7 
0.5 
2.3 
0.8 
2.0 
0.3 
0.2 
0.8 
0.3 
1.8 
1.2 

43.4 
3.3 

37.2 


It  will  be  observed  that  a  ratio  greater  than-  3  has  been  found  in  only  4  of 
the  21  tests  listed  in  Table  1  (last  column).  No  others  can  be  regarded  as 
significant.  In  other  words  no  linkage  is  indicated  in  any  except  these  4 
cases.  The  relations  B-C,  Eng-L,  and  L-Du  give  indubitable  evidence  of 
linkage,  the  departure  from  equality  of  crossover  and  non-crossover  classes 
being  from  10  to  43  times  the  probable  error.  But  in  the  case  of  L-V,  the 
departure  is  only  3.3  times  as  great  as  the  probable  error,  which  means  that  it 
may  be  due  to  random  sampling  rather  than  linkage,  though  the  odds  are  37 
to  one  against  such  a  state  of  affairs.  Larger  numbers  will  doubtless  give  a 
conclusive  answer  to  the  question  in  the  near  future.  Other  tests  in  progress 
should  either  support  or  disprove  this  interpretation,  for  if  V  is  linked  with  L, 
it  should  also  show  linkage  with  Eng  and  Du,  since  L,  Eng,  and  Du  are  shown , 
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by  tests  Eng-L  and  L-Du,  all  to  be  in  the  same  chromosome.  Any  fourth 
gene,  therefore,  which  is  linked  with  one  of  the  three  must  also  be  linked  with 
the  other  two. 

My  pupils  are  engaged  in  studies  of  linkage  in  mice,  similar  to  those 
which  have  just  been  described  for  rabbits,  two  new  characters  having 
recently  become  available  for  study.  It  is  our  plan  to  make  a  compre- 
hensive survey  of  linkage  in  the  mammals  available  for  laboratory  study, 
with  a  view  to  testing  the  validity  of  the  chromosome  theory  of  linkage.  On 
the  cytological  side  of  the  question  we  are  receiving  valuable  help  from  Pro- 
fessor T.  S.  Painter,  who  is  making  a  study  of  material  furnished  by  us. 

As  soon  as  the  linkage  relations  of  the  simpler  characters  have  been  worked 
out,  it  is  planned  to  make  a  study  of  the  linkage  relations  of  some  more  com- 
plicated multiple  factor  or  blending  characters.  For  this  purpose  body- 
size  seems  especially  well  suited.  Its  inheritance  has  been  studied  for  some 
years  and  with  material  now  in  hand  a  renewed  attack  upon  the  question 
seems  likely  to  lead  to  results  of  value.  The  adequacy  of  the  chromosome 
theory  and  of  Mendelism  in  general  must  depend  upon  their  applicability  to 
cases  of  this  sort.  At  present  we  can  only  say  that  they  may  have  a  Mendelian 
and  chromosomal  basis,  not  that  they  must  have. 

Harris,  J.  Arthur,  University  of  Minnesota,  Minneapolis,  Minnesota.  Con- 
tinuation of  the  application  of  mathematical  methods  to  biological  problems. 
(For  previous  reports  see  Department  of  Experimental  Evolution,  Year 
Books  12,  13.) 

This  grant  has  been  used  for  work  on  the  application  of  mathematical, 
especially  statistical,  methods  to  biological  problems.  Its  primary  purpose 
has  been  the  completion  of  investigations  begun  while  the  recipient  was  a 
member  of  the  staff  of  the  Station  for  Experimental  Evolution,  of  the  Carnegie 
Institution  of  Washington,  and  earlier  results  are  included  in  the  annual 
reports  of  the  Director  of  the  Department  of  Genetics.  The  present  state- 
ment outlines  briefly  the  projects  on  which  progress  has  been  made  during  the 
past  year. 

I.  Physicochemical  properties  of  plant-tissue  fluids. 

The  tissue  fluids  constitute  bjr  far  the  larger  part  of  the  mass  of  the  physi- 
ologically more  active  portions  of  the  plant.  Theoretically,  the  nature,  con- 
centration, and  physical  state  of  the  solutes  should  be  the  resultant  of  the 
innate  capacities  of  the  plant  species,  or  of  the  differentiated  parts  of  the 
plant  individual,  on  the  one  hand,  and  of  the  extrinsic  physical  factors  to 
which  it  is  subjected  during  the  course  of  its  development,  on  the  other. 
A  series  of  investigations  extending  over  the  past  ten  years  has  furnished 
ample  proof  of  the  validity  of  this  assumption.  Since  the  tissue  fluids  are  at 
once  the  product  and  the  environment  of  the  living  protoplasmic  substance, 
both  somatic  and  germinal,  of  the  organism  and  the  medium  through  which 
it  must  have  contact  with  the  physical  and  chemical  variables  of  its  external 
environment,  their  investigation  should  be  of  fundamental  importance  in  the 
solution  of  the  problems  of  plant  geography,  plant  physiology,  and  plant 
genetics  and  evolution. 

Our  investigations  during  the  past  ten  years  have  involved  both  the  evalua- 
tion of  environmental  factors  and  the  critical  measurement  of  the  physico- 
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chemical  properties  of  the  tissue  fluids  of  the  constituent  species  of  the  vege- 
tation of  geographically  widely  separated  and  ecologically  highly  differentiated 
regions,  and  intensive  experimental  studies  have  been  made  of  the  relation- 
ship between  measured  environmental  factors  and  tissue-fluid  properties  in 
certain  favorable  localities.  In  all  of  these  studies,  the  statistical  analysis 
of  the  results  has  been  carried  as  far  as  seemed  justified  by  the  precision  and 
volume  of  the  original  data. 

Since  1920,  studies  have  been  made  annually  in  the,  in  part,  highly  saline 
deserts  of  the  Lake  Bonneville  basin.  The  results  of  a  portion  of  these  have 
appeared  during  the  year.1  A  monographic  treatment  of  the  vegetation  of 
the  Lake  Bonneville  Basin  and  the  Surrounding  Highlands,  considered  from 
the  physicochemical  standpoint,  is  in  an  advanced  stage  of  preparation. 

In  addition  to  studies  in  the  Great  Basin,  the  field  operations  of  the  year 
have  included  work  in  the  deserts  of  southern  Arizona  and  in  the  rain  forests 
and  arid  leeward  slopes  of  the  Hawaiian  Islands.  Series  of  determinations  on 
a  number  of  varieties  of  sugar  cane  were  made  in  Oahu,  through  the  courtesy 
and  cooperation  of  the  Hawaiian  Sugar  Planters  Association.  These  indicate 
varietal  differentiation  in  physicochemical  properties  associated  with  drought 
resistance. 

Intensive  studies  on  varieties  of  cereals  as  grown  under  the  arid  climatic 
conditions  of  the  Great  Basin  have  had  as  their  objects:  (o)  the  determination 
of  the  magnitudes  of  the  various  physicochemical  constants  for  cereals  grown 
with  varying  quantities  of  water,  (&)  the  change  in  the  magnitude  of  these 
constants  with  the  march  of  the  season,  and  (c)  the  possible  differentiation  of 
varieties  with  respect  to  these  internal  physical  and  chemical  variables. 
These  studies  have  been  in  progress  for  the  past  six  years,  with  the  cooperation 
of  the  United  States  Department  of  Agriculture  and  the  Utah  Agricultural 
Experiment  Station.     Certain  of  the  results  will  be  published  shortly. 

Studies  on  various  types  of  cotton  and  their  Fi,  F2,  and  F3  hybrids  have 
been  prosecuted  at  the  Cooperative  Testing  Station  of  the  United  States 
Department  of  Agriculture  and  the  United  States  Indian  Service  on  the  Gila 
River  Indian  Reservation,  at  Sacaton,  Arizona.  In  supplement  to  an  earlier 
paper  demonstrating  the  differentiation  of  Pima  Egyptian  and  Upland 
(Meade  and  Acala)  cotton  with  respect  to  osmotic  concentration,  specific 
electrical  conductivity  and  hydrogen-ion  concentration,2  a  further  investiga- 
tion of  a  number  of  newly  imported  Egyptian  varieties  has  been  completed 
and  is  now  in  press.  In  this  it  has  been  shown  that  all  the  varieties  of  the 
Egyptian  type  exhibit  the  same  kind  of  differentiation  from  the  Upland 
type,  but  that  there  are  evidences  of  differentiation  among  the  several  Egyp- 
tian varieties  with  respect  to  their  physicochemical  characteristics,  just  as 
there  appear  to  be  among  the  various  Upland  varieties,  and  as  there  are 
found  to  be  in  a  more  pronounced  degree  between  the  Egyptian  and  Upland 
types.  A  series  of  pure  strains  of  definitely  known  physicochemical  proper- 
ties is  gradually  being  built  up  for  purposes  of  more  refined  genetic,  physi- 
ological, and  evolutionary  work. 

1  J.  Arthur  Harris,  It.  A.  Gortner,  W.  F.  Hoffman,  and  A.  T.  Valentine,  The  osmotic  concen- 
tration, specific  electrical  conductivity  and  chloride  content  of  the  tissue  fluids  of  the  indicator  plants 
of  the  vegetation  of  Tooele  Valley,  Utah,  Jour.  Agr.  Res.,  vol.  27,  893-924,  1924. 

2  J.  Arthur  Harris,  W.  F.  Hoffman,  and  A.  H.  Johnson,  The  reaction  of  the  cotton  plant, 
Science,  n.  s.,  vol.  61,  65,  1925. 
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In  addition  to  work  on  the  hydrogen-ion,  it  has  been  possible  to  consider 
the  concentration  of  certain  solutes  derived  from  the  soil.  Studies  published 
during  the  year1  show  conclusively  that  the  Egyptian  type  is  characterized 
by  a  higher  chloride  content  of  leaf-tissue  fluids  than  the  Upland  type  of 
cotton,  and  have  adduced  evidence  for  the  more  rapid  accumulation  of 
chlorides  with  the  march  of  the  season  in  the  Egyptian  type.2 

That  the  differentiation  of  the  Egyptian  and  Upland  types  is  not  merely 
quantitative,  in  that  the  Egyptian  type  absorbs  and  retains  in  solution  larger 
quantities  of  all  electrolytes  (as  might  be  suggested  by  the  higher  specific 
electrical  conductivity  of  its  leaf -tissue  fluids),  is  demonstrated  by  a  paper 
now  in  press,  in  which  it  is  shown  that  the  leaf-tissue  fluids  of  the  Upland  type 
contain  larger  quantities  of  sulphates.  The  absorption  of  sulphates  and 
chlorides  is,  therefore,  differential,3  and  dependent  upon  the  genetic  constitu- 
tion of  the  organism.  Studies  showing  the  behavior  of  chlorides  in  the  hybrid 
generations  will  be  ready  for  publication  shortly. 

Another  phase  of  the  work  on  Gossypium  is  embodied  in  an  extensive  paper 
now  in  press,  giving  the  results  of  a  biometric  investigation  of  the  relationship 
between  the  salinity  of  the  soil  as  expressed  in  terms  of  its  electrical  resistance 
and  various  characteristics  of  the  plants  grown  upon  it.  It  shows  that  an 
intimate  relationship  may  be  demonstrated  between  the  electrical  resistance 
of  the  soil  mass  and  the  freezing-point  depression,  specific  electrical  conduc- 
tivity, and  chloride  content  of  the  leaf-tissue  fluids  of  the  plant.  These 
correlations  may  differ  in  the  different  varieties.  While  the  results  have 
particular  applicability  to  Gossypium,  they  also  have  a  wider  significance  in 
that  they  show  that  by  a  proper  combination  of  agronomic,  physicochemical, 
and  biometric  methods  many  physiological  problems,  which  have  heretofore 
been  considered  to  be  limited  to  laboratory  treatment,  may  be  investigated  in 
the  field.  Extensive  series  of  analyses  of  soils  and  of  plant-tissue  fluids  are 
now  under  way  for  the  purpose  of  extending  these  investigations. 

Studies  on  the  physicochemical  relationships  between  parasitic  plants  and 
their  hosts,  begun  some  years  ago  in  the  Jamaican  montane  rain  forest,  have 
been  continued  as  opportunities  for  work  with  living  materials  afforded. 
It  is  now  clear  that  such  organisms  as  Cuscuta  do  not  necessarily  have  the 
higher  osmotic  concentration  which  is  usually  characteristic  of  the  loran- 
thaceous  parasite  as  compared  with  its  host.  At  present  the  differential 
absorption  of  electrolytes  by  parasite  and  host  is  under  investigation. 

II.  Fertility  and  fecundity  in  the  domestic  fowl. 

During  the  past  several  years  a  biometric  investigation  of  fertility  in  the 
domestic  fowl  has  been  in  progress,  with  the  cooperation  of  a  number  of  indi- 
viduals and  institutions  which  have  the  facilities  for  securing  large  series  of 
records  of  the  egg  production  of  individual  birds  kept  under  observation  for 
considerable  periods  of  time. 

During  the  past  year  an  exhaustive  study  of  the  distribution  of  the  magni- 
tudes of  the  inter-mensual  correlation  coefficients  for  egg  production  through- 

1  J.  Arthur  Harris,  J.  V.  Lawrence,  and  Z.  W.  Lawrence,  The  chloride  content  of  the  leaf  tissue 
fluids  of  Egyptian  and  Upland  cotton,  Jour.  Agr.  Res.,  vol.  28,  695-704,  1924. 

2  J.  Arthur  Harris,  The  accumulation  of  chlorides  in  the  leaf-tissue  fluids  of  Egyptian  cotton 
with  the  march  of  the  season,  Proc.  Soc.  Exp.  Biol.  Med.,  vol.  22,  415-417,  1925. 

3  J.  Arthur  Harris,  W.  F.  Hoffman,  and  J.  V.  Lawrence,  Differential  absorption  of  anions  by 
varieties  of  cotton,  Proc.  Soc.  Exp.  Biol.  Med.,  vol.  22,  360-362,  1925. 
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out  the  first  two  laying  years  has  been  completed,  and  is  now  in  press. 
Earlier  investigations,  based  on  the  records  of  one  year  only,  have  indicated 
the  existence  of  two  laws  underlying  the  distribution  of  the  magnitudes  of  the 
correlation  coefficients  for  the  egg-laying  activities  of  the  individual  months 
of  the  first  and  of  the  second  years.  The  present  study,  based  on  the  first  24 
laying  months  of  the  birds'  life,  shows  that  these  two  laws  are  merely  phases 
of  a  single  more  general  law  which  could  not  be  demonstrated  for  periods  as 
short  as  12  months. 

Detailed  studies  of  the  maternal  inheritance  of  egg  production  are  in  an 
advanced  stage. 

III.  Fertility  and  fecundity  in  plants. 

An  exhaustive  study  of  variation  and  correlation  in  fruit  and  seed  produc- 
tion in  Manfreda  has  been  published.1 

IV.  Variation  and  correlation  in  the  newborn  infant  of  various  racial 
parentages. 

Material  progress  has  been  made  during  the  year  in  the  statistical  analysis 
of  a  series  of  measurements  on  about  10,000  newborn  infants  preserved 
in  the  archives  of  the  Sloane  Hospital  for  Women,  New  York  City.  Certain 
of  these  results  are  nearly  ready  for  publication. 


Harvey,  E.  Newton,  Princeton  University.  Studies  on  the  luminescence  of 
the  ostracod  crustacean,  Cypridina.  (For  previous  reports  see  Year 
Books  Nos.  8  to  21.) 

Thanks  to  the  efforts  of  Professor  Ishikawa  of  Tokyo,  Japan,  a  new  supply 
of  dried  Cypridina  hilgendorfii  has  been  received,  which  makes  possible  the 
continuance  of  research  upon  the  luminescence  of  this  organism.  Three  lines 
of  inquiry  have  been  taken  up. 

(1)  The  effect  of  light  on  Cypridina  luminescence. 

(2)  Factors  affecting  the  color  of  Cypridina  luminescence. 

(3)  Quantitative  studies  on  the  amount  of  light  from  a  given  weight  of 
dried  Cypridina. 

(1)  The  effect  of  light  on  Cypridina  luminescence. 

It  has  been  observed  that  sunlight  or  artificial  light  will  inhibit  the  lumi- 
nescence of  several  luminous  animals.  This  is  not  a  process  depending  on 
living  cells  but  may  be  observed  in  a  glowing  mixture  of  Cypridina  luciferin 
and  luciferase  filtered  through  filter  paper.  Such  a  solution,  in  a  narrow 
test-tube,  whose  middle  portion  is  exposed  to  15,000  foot-candles  illumina- 
tion, shows  an  inhibition  or  quenching  of  luminescence  in  less  than  2  seconds 
in  the  region  illuminated.  The  action  of  the  light  is  upon  the  luciferin  and 
not  the  luciferase  and  the  effect  is  partly  reversible,  for  there  is  some  return 
of  luminescence  in  the  dark. 

The  blue-violet  wave-lengths  are  the  ones  which  are  effective,  ranging  from 
about  X  =  460/xju  to  X  =  380/*m-  Consequently  there  is  no  inhibition  of  Cypridina 
luminescence  in  infra-red,  red,  yellow,  or  green  light.     However,  if  we  add 

1  J.  Arthur  Harris,  Variation  and  correlation  in  the  inflorescence  of  Manfreda  virginica,  Ann. 
Mo.  Bot.  Gard.,  vol.  11,  411-459  (1924). 
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small  amounts  of  certain  dyes,  like  eosin,  rhodamine  B,  dicyanin  A,  and 
pinacyanol,  etc.,  to  the  luminescent  mixture,  other  wave-lengths  than  the 
blue-violet  will  inhibit  the  luminescence,  depending  on  the  particular  absorp- 
tion band  of  the  dye.  Thus,  dicyanin  A  permits  infra-red  to  inhibit  the 
luminescence,  after  a  prolonged  exposure,  as  well  as  the  red,  yellow,  and 
green;  eosin  permits  yellow  and  green  light  to  inhibit;  rhodamine  B  the  red 
and  orange  light,  etc.  This  sensitizing  action  of  the  dye  is  similar  to  that 
observed  with  orthochromatic  and  panchromatic  photographic  plates. 

Blue-violet  light  will  not  act  upon  luciferin  in  absence  of  oxygen  nor  will 
red,  yellow,  or  green  light  act  upon  luciferin  plus  sensitizing  dye  in 
absence  of  oxygen.  In  this  connection  it  is  interesting  to  recall  that 
photodynamic  action  of  dyes  on  living  organisms,  enzymes,  and  antibodies 
requires  dissolved  oxygen.  Apparently,  we  are  dealing,  in  the  case  of  in- 
hibition of  Cypridina  luminescence  by  light,  with  an  oxidative  photochemical 
reaction  of  an  unusually  interesting  character.  Studies  are  being  continued 
to  determine  the  mechanism  of  the  inhibition. 

(2)  Factors  affecting  the  color  of  Cypridina  luminescence. 

The  luminescence  of  the  Japanese  Cypridina  hilgendorfii  is  decidedly  bluish 
in  color  at  room  temperatures  and  very  bright.  At  high  (50°  C.)  temperature 
the  light  is  much  weaker  but  decidedly  yellowish  in  color;  at  low  (2°  C.)  tem- 
perature the  light  is  also  weak  but  even  more  bluish.  It  is  concluded  that  as 
the  temperature  is  lowered  there  is  a  shift  in  the  wave-length  of  maximum 
emission  toward  the  blue  end  of  the  spectrum. 

Another  species  of  ostracod,  whose  light  is  yellowish,  is  found  in  Jamaica, 
British  West  Indies.  If  the  luciferase  of  the  Jamaica  form  (yellowish  light) 
is  mixed  with  the  luciferin  of  the  Japanese  form  (bluish  light)  a  yellowish 
light  appears,  while  the  luciferase  of  the  Japanese  species  mixed  with  the 
luciferin  of  the  Jamaican  species  gives  a  bluish  luminescence.  Therefore 
the  animal  supplying  the  luciferase  determines  the  color  of  the  light. 

(3)  Quantitative  studies  on  the  amount  of  light  from  a  given  weight  of  dried 

Cypridina. 

The  intrinsic  brightness  of  luminescences  is  always  very  low,  compared 
with  that  of  incandescent  illuminants;  but  experiment  shows  that  very 
minute  amounts  of  luciferin  will  produce  considerable  light  and  one  would 
like  to  know  how  much  light  is  produced  per  gram  of  luciferin  oxidized  and 
per  gram  of  oxygen  used  up.  The  luciferin  can  not  be  isolated  in  a  suffi- 
ciently pure  form  to  be  weighed  out,  but  the  amount  of  light  per  gram  of  dried 
Cypridina  is  being  investigated,  although  the  values  are  not  yet  ready  for 
publication.  The  method  is  too  complicated  to  be  described  here,  but  it 
will  give  the  amount  of  light  in  lumens  per  second  emitted  by  1  c.  c.  of  a 
perfectly  transparent  Cypridina  solution,  representing  the  luciferin  from  a 
definite  weight  of  dry  Cypridina  material.  The  oxygen  consumption  is 
measured  at  the  same  time.  Making  certain  assumptions,  this  will  allow  the 
calculation  of  the  light  produced  per  gram-calorie  input  and  the  total  effi- 
ciency of  Cypridina  luminescence. 

The  amount  of  light  from  a  given  weight  of  luciferin  has  been  found  by 
Dr.  W.  R.  Amberson  to  depend  on  the  concentration  of  luciferase,  a  greater 
total  amount  of  light  being  emitted  with  the  weaker  luciferase  concentrations. 
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Dr.  Amberson  is  engaged  in  a  quantitative  study  of  this  relation  by  a  modified 
integrating  photographic  method  (see  Year  Book  No.  21,  1922,  p.  170).  He 
has  also  worked  out  the  temperature-coefficient  for  brightness  of  Cypridina 
luminescence  and  finds  a  Qi0  =  2.7  for  the  average  of  nine  experiments  ranging 
from  5°  to  35°  C. 

Kofoid,  Charles  A.,  University  of  California,  Berkeley.  Investigation  on 
intestinal  protozoa.     (For  previous  report  see  Year  Books  Nos.  21-23.) 

A  summary  of  the  evidences  for  the  tissue-invasive  properties  of  Endamoeba 
dysenteries,  based  on  our  findings  in  human  bone  marrow,  lymph  glands,  skin 
ulcers,  liver  tissue  in  amoebic  abscesses  of  the  liver,  and  the  colon,  has  been 
completed  and  was  presented  at  the  International  Conference  on  Tropical 
Diseases  held  at  Kingston,  Jamaica,  in  July  1924,  under  the  auspices  of  the 
United  Fruit  Company. 

In  cooperation  with  Dr.  L.  M.  Boyers  and  Dr.  Olive  Swezy  evidence  of 
amoebic  infection  in  the  liver  areas  has  been  established  by  the  repeated 
findings  of  motile  Endamceba  dysenteric  in  the  duodenal  drainage  from  cases  of 
chronic  amcebiasis  but  without  liver  abscess.  Encysted  stages  of  the  amoeba 
have  also  been  recovered  from  the  duodenal  drainage  in  one  case  resistant  to 
the  emetin-bismuth-iodide  treatment. 

An  investigation  with  Dr.  Olive  Swezy  of  the  type  of  mitosis  and  the 
number  of  chromosomes  in  Endamoeba  dysenteries,  has  been  completed  in 
which  we  have  been  able  to  demonstrate  the  complete  cycle  of  mitotic 
changes,  the  several  phases  of  which  are  typically  like  those  of  intestinal 
amoebse.  Throughout  this  cycle  the  nuclear  membrane  remains  intact.  At 
promitosis  the  chromosomes  emerge  as  longitudinally  split  threads  on  or 
near  the  nuclear  membrane.  These  later  assemble  in  the  equatorial  plate  in 
an  end-to-end  arrangement  where  they  part  in  a  seemingly  transverse  plane, 
but  in  reality  in  the  end  phases  of  a  longitudinal  separation.  There  are  six 
chromosomes  in  E.  dysenterios. 

The  culture  of  E.  dysenterim,  E.  gingivalis,  Councilmania  lafleuri,  and  of 
some  other  intestinal  Protozoa  has  been  carried  on  successfully  in  vitro  in 
conjunction  with  Mrs.  Wagener,  Miss  Howitt,  and  Miss  Allen.  The  limita- 
tions established  by  the  hydrogen-ion  concentration  have  been  determined,  the 
bacterial  complex  in  the  cultures  analyzed  in  part,  and  the  mineral  salts 
essential  for  the  growth  of  the  amoeba  have  been  determined  by  experimental 
analysis.  Some  simplifications  and  improvements  in  the  technique  of  culture 
in  vitro  have  been  worked  out. 

Mann,  Albert,  Washington,  District  of  Columbia.  Continuation  of  investiga- 
tions and  preparations  for  publication  of  results  of  work  on  Diatomacece. 
(For  previous  report  see  Year  Books  Nos.  18-23.) 

The  amount  of  work  done  during  the  past  year  shows  a  marked  increase 
over  that  of  former  years,  due  in  part  to  the  much  greater  number  of  requests 
for  information  from  outside  parties.  Something  over  350  samples  were 
sent  in,  quite  a  number  from  foreign  countries.  Reports  on  many  of  these 
were  made  and  the  remainder  are  awaiting  future  study. 

Detailed  reports  for  publication  were  as  follows:  An  illustrated  report 
to  the  U.  S.  Geological  Survey  on  a  fossil  diatom  deposit  near  Spokane, 
Washington  (in  press);  an  illustrated  report  on  the  diatoms  of  Penikese 
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Island,  Mass.,  published  in  Rhodora  (Mr.  Conger);  a  paper  on  a  new  method 
of  mounting  plankton  diatoms,  published  in  the  Journal  of  the  Royal  Micro- 
scopical Society,  London  (Mr.  Conger) ;  an  illustrated  report  on  diatoms  from 
the  mountain  area  of  Utah  (Chicago  University  graduate;  Mr.  Conger);  a 
report  on  the  marine  diatoms  of  the  Canadian  Arctic  Expedition  of  1913  to 
1918,  82  pages  with  13  microphotographs  (in  press) ;  final  revision  and  publica- 
tion of  the  marine  diatoms  of  the  Philippine  Islands,  182  pages  with  241 
microphotographs,  published  in  July  by  the  Smithsonian  Institution. 

The  work  on  the  diatom  flora  of  Woods  Hole,  Massachussets,  was  continued, 
covering  a  period  of  six  weeks.  About  90  samples  were  secured  and  sent  to 
Washington.  The  highly  important  attempt  to  plant  a  living  diatom  flora 
at  barren  places  along  the  coast  was  extended  this  year. 

Four  weeks  were  spent  at  the  Institution's  laboratory  on  Dry  Tortugas, 
during  which  time  the  diatom  flora  there  was  studied  and  about  100  samples 
shipped  to  Washington  for  research.  They  represent  a  practically  complete 
collection  of  the  diatoms  living  in  the  vicinity  during  the  month  of  June. 

Many  conferences  were  held  with  outside  parties  interested  commercially 
or  scientifically  in  diatom  research.  One  of  these,  the  rate  of  deposit  of 
diatoms  in  the  sea,  represents  a  difficult  but  valuable  subject  about  which 
there  is  at  present  no  knowledge.  An  attempt  will  be  made  to  start  investi- 
gations in  this  field. 

McCracken,  Isabel,  Stanford  University,  California.     Studies  in  silkworm 
bionomics.     (For  previous  reports  see  Year  Books  Nos.  22,  23.) 

The  plan  laid  down  in  1920  for  the  study  of  "silkworm  bionomics"  is  being 
pursued  as  consistently  as  the  nature  of  the  material  will  permit. 

Certain  of  these  studies  have  been  checked  for  the  time  being,  on  account 
of  disease  and  consequent  mortality  of  a  part  of  the  material.  In  other 
studies  interpretation  of  the  results  is  baffling;  in  some,  tentative  results 
have  been  obtained  needing  confirmatory  evidence  which  must  await  future 
breeding,  while  in  still  others  the  results  are  more  specific  and  suggest  future 
work  along  certain  lines. 

Progress  along  the  lines  of  two  subjects  is  herein  recorded. 

(1)  Variation  in  color  and  its  genetic  significance. 

Previous  work  by  the  author  and  others  had  demonstrated  that  while  in 
most  races  color  as  a  cocoon  character  is  genetically  epistatic  to  non-color  in 
cocoons,  that  is,  yellow  or  buff  as  the  case  may  be,  in  pure  stock,  is  epistatic 
to  white;  yet  in  broods  from  Fx  hybrid  crosses,  a  clean-cut  reappearance  of 
the  color-character  does  not  occur,  but  on  the  contrary  a  wide  scattering  of 
color,  from  very  light  straw-yellow  to  deep  mustard-yellow  or  from  a  very 
light-cream  or  buff  to  a  very  deep  warm  ochraceous,  occurs.  The  range  of 
color,  using  Ridgeway's  " Color  Standards  and  Nomenclature"  as  a  standard, 
includes  some  six  or  seven  shades  in  the  straw  to  mustard  series,  at  least  six 
shades  in  a  light  cream  to  maize-yellow  series,  and  a  perfectly  graded  series 
of  at  least  four  shades  in  a  light  buff  to  pale  ochraceous  series. 

The  genetic  relation  of  this  color-variation  is  not  yet  entirely  clear.  How- 
ever, results  of  a  carefully  planned  set  of  breeding  experiments  show  that, 
while  in  crosses  of  hybrids  from  certain  yellows  and  certain  buffs,  namely  in 
crosses  of  Fi  hybrids  of  certain  dominant  yellows  or  dominant  buffs,  an 
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apparently  miscellaneous  assortment  of  yellow,  buff,  and  ochraceous,  results, 
as  determined  by  Kellogg,1  yet,  selection  of  certain  shades  of  color  produces  a 
generation  of  cocoons  exhibiting  color  within  a  definite  color-range,  namely 
yellow  series,  buff  series,  or  ochraceous  series.  On  the  other  hand,  selection  of 
other  definite  colors  results  in  an  apparently  pure  breed  as  regards  the  item  of 
selection.  Thus,  in  1923,  a  light "  massicot"  yellow  was  chosen  for  selection  in 
F2  from  a  hybrid  lot  which  included  white,  various  shades  of  buff,  and  various 
shades  of  yellow.  The  F3  broods  reared  in  1924  proved  to  be  wholly  like  the 
parents  in  cocoon-color  production.  F4  broods  reared  in  1925  again  proved 
to  be  entirely  of  the  parental  color.  Genealogically  the  history  is,  in  sub- 
stance, as  follows:  Parents,  buff  9  +  white  cf :  Fx  all  buff;  F2  white,  various 
shades  of  buff  and  various  shades  of  yellow;  F3  parents  massicot  yellow + 
massicot  yellow,  offspring  all  massicot  yellow ;  F4  again  all  massicot  yellow. 

On  the  contrary,  where  selections  are  made  of  the  deeper  shades  of  buff,  a 
series  of  shades  from  maize  to  deep  buff -yellow  result.  On  the  other  hand 
selection  of  the  shade  "mustard-yellow,"  like  that  of  "massicot  yellow" 
yields  mustard-yellow  only.  This  study  is  far  from  complete,  further  tests 
being  in  progress. 

Some  investigation  has  been  made  of  the  relation  of  color  to  the  fiber  of 
the  silk  as  its  formation  is  under  way  in  the  silk  gland.  This  study  is  not 
complete.  Suffice  to  say  that  the  floss  and  the  first  100  feet,  more  or  less, 
of  the  fiber  spun  by  the  larvse  of  all  colored  cocooners  observed,  with  one 
exception,  is  white  fiber.  As  the  fiber  is  reeled  from  the  cocoon  it  then 
gradually  deepens  in  color,  the  inner  extremity  being  thus  of  a  deeper  color 
than  the  outer.  In  the  case  of  "mustard-yellow"  cocoons  the  floss  is  yellow, 
the  outer  extremity  of  the  fiber  is  golden  or  mustard-yellow,  this  color  being 
very  evenly  distributed  along  the  2,000  or  3,000  feet  of  the  fiber  to  within  a  few 
hundred  feet  of  its  inner  extremity,  when  it  grows  lighter.  This  is  true  of  the 
pure  race  "Chinese  gold"  which  spins  a  "mustard-yellow  cocoon"  and  of  Fi 
hybrids  between  "Chinese  gold"  and  "Japanese  white"  cocooners  which 
also  spin  mustard-yellow  cocoons. 

It  appears,  therefore,  that  "color"  in  the  silken  fiber  is  an  accessory  stain- 
ing substance,  secreted  before  spinning  begins,  in  the  case  of  the  "mustard- 
yellows"  and  somewhat  after  spinning  has  begun  in  "buff -spinners." 

(2)  Heterosis. 

Data  accumulated  on  this  subject  shows  that  under  the  conditions  of  breed- 
ing, quality  and  quantity  of  food  used,  etc.,  pure  "Chinese  gold"  cocoons  are 
on  the  average  28  mm.  long,  21  mm.  wide,  average  weight  15  days  after 
spinning  has  begun,  1,520  grams,  average  length  of  fiber  in  cocoons,  exclusive 
of  floss,  1,505  feet. 

The  average  length  of  fiber  in  cocoons  of  "Japanese  white"  cocooners  under 
similar  conditions  of  breeding  is  36  mm.,  average  width  18  mm.,  average 
weight  2,720  grams.  Average  length  of  fiber  in  the  cocoons,  exclusive  of 
floss,  3,225  feet. 

The  average  length  of  cocoons  in  broods  of  Fi  hybrids  of  "Chinese  gold" 
and  "Japanese  white"  is  35  mm.,  average  width,  19  mm.,  average  weight 
1.987  grams,  and  average  length  of  fiber  in  the  cocoon  2,987  feet. 

1  Vernon  Kellogg,  Inheritance  in  silkworms:  I,  Stanford  Univ.  Pub.,  No.  1,  1908. 
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While  this  data  is  suggestive  of  a  lack  of  increased  vigor  in  Fi  as  measured 
by  these  criteria,  it  is  not  conclusive,  as  more  data  must  be  accumulated 
along  this  line. 

Egg-laying  capacity  is  also  being  used  as  a  criterion  in  determining  a 
possible  increased  vigor  in  Fi  hybrids. 

Morgan,  T.  H.,  A.  H.  Sturtevant,  and  C.  B.  Bridges,  Columbia  University, 
New  York.  The  constitution  of  the  germ  material  in  relation  to  heredity. 
(For  previous  reports  see  Year  Books  Nos.  15-23.) 

Just  when  many  zoologists  were  becoming  sceptical  as  to  the  value  of 
detailed  comparisons  between  chromosome  groups  in  "related"  species, 
genera,  and  families,  botanists  have  been  very  actively  engaged  in  recent 
years  in  making  such  comparisons.  To  a  geneticist  many  of  these  com- 
parisons will  seem  of  little  significance,  because  to  him  it  is  not  the  shapes  and 
sizes  of  the  chromosomes  that  are  important  but  the  genes  contained  in  them. 

The  observations  of  Lancefield  and  Metz  on  the  chromosome  groups  of 
Drosophila  ivillistoni  and  Drosophila  melanogaster  (Proc.  Nat.  Acad.  Sci., 
vn,  1921)  have  shown  that  similarity  in  shape  and  number  is  not  a  safe  guide 
to  the  homology  of  chromosome  groups  in  related  species,  and  recent  observa- 
tions on  Drosophila  simulans  have  shown  that  even  when  the  genes  in  two 
chromosomes  correspond,  the  sequence  may  be  different.  For  example,  six 
corresponding  genes  are  now  known  in  the  third  chromosome  of  Drosophila  mel- 
anogaster and  D.  simulans;  in  melanogaster  the  sequence  is  sepia,  scarlet, 
peach,  delta,  hairless,  claret;  while  in  simulans  the  order  is  sepia,  scarlet, 
hairless,  delta,  peach  claret.  The  section  between  and  including  peach  and 
hairless  in  one  species  is  inverted  as  compared  with  that  of  the  other  species. 
Which  of  these,  if  either,  represents  the  original  order,  can  only  be  guessed  at. 

One  of  the  new  genes  in  this  comparison  is  claret.  The  claret  of  D.  simulans 
was  found  by  C.  R.  Plunkett.  Claret  females  produce  few  offspring,  but  a 
high  proportion  of  these  are  either  gynandromorphs  or  minutes  (presumably 
haplo-IV's).  When  claret  females  are  bred  to  unrelated  yellow  males,  the 
male  parts  of  the  gynandromorphs  are  almost  always  yellow,  and  there  are  also 
some  wholly  yellow  males  present.  The  results  indicate  that  maternal  chromo- 
somes are  often  eliminated  in  an  early  cleavage  stage.  The  gynandromorphs 
and  exceptional  males  arise  through  the  elimination  of  a  maternal  X-chromo- 
some;  the  minutes  from  the  elimination  of  a  fourth  chromosome.  The  high 
mortality  of  the  embryos  is  probably  due  to  elimination  of  chromosomes  II 
and  III. 

A  somewhat  similar  situation  had  been  studied  in  D.  melanogaster.  The 
dominant  sex-linked  mutant  minute-n,  referred  to  in  our  last  report,  was 
found  to  give  rise  to  "piebald"  daughters,  in  which  the  spots  are  not-minute 
but  instead  show  the  sex-linked  characters  of  the  father.  The  spots  are  male 
and  are  due  to  the  elimination  of  the  X-chromosome  that  carries  minute-n. 
The  spots  are  usually  small,  indicating  that  the  elimination  occurs  late, 
probably  at  the  stage  when  the  imaginal  disks  are  formed.  That  the  maternal 
third  chromosome  is  not  usually  eliminated  was  shown  by  tests  with  the 
third-chromosome  recessive  ebony.  In  one  case,  apparently  the  entire  set  of 
maternal  chromosomes  was  eliminated  and  the  spot  in  consequence  was 
haploid  tissue.  In  this  case  the  father  was  eosin  and  the  color  of  the  eye 
included  in  the  spot  was  probably  female,  or  at  any  rate  it  was  darker  than 
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the  color  of  the  eosin  eye  of  the  normal  male.  It  is,  therefore,  probable  that 
a  haploid  individual  of  D.  melanogaster,  if  viable,  would  be  a  female. 

As  has  been  reported  before,  when  triploid  females  are  crossed  to  diploid 
males  a  high  proportion  of  the  offspring  are  intersexes.  It  has  recently  been 
found  that  the  grade  of  resemblance  to  normal  males  and  females  is  depend- 
ent to  some  extent  on  the  number  of  IVth  chromosomes  present.  Repeated 
crossing  to  triplo-IV  males  results  in  intersexes  that  are  more  like  females; 
and  conversely  repeated  crossing  to  haplo-IV  males  results  in  intersexes  that 
are  more  like  males.  It  follows  that  the  influence  of  the  fourth  chromosome 
on  sex  is  like  that  of  the  X  and  unlike  that  of  chromosomes  II  and  III.  It  had 
previously  been  suggested  that  the  reverse  was  true  (Amer.  Nat.,  vol.  lvi, 
1922). 

It  has  been  shown  that  at  reduction  in  the  triploid  female  the  X's  and 
autosomes  do  not  assort  at  random;  the  two  X's  and  one  set  of  autosomes  and 
the  complementary  combination  one  X  and  two  sets  of  autosomes  occur  six 
and  a  half  times  as  frequently  as  the  combinations  one  X  and  one  set  of  auto- 
somes, and  two  X's  and  two  sets  of  autosomes.  A  somewhat  similar  situa- 
tion has  been  observed  in  the  cross  between  triploid  females  and  triplo-IV 
males  involving  the  assortment  of  the  X  and  the  IV  chromosome.  There  is 
some  evidence  that  two  IV's  go  to  the  same  pole  of  the  spindle  as  two  X-chro- 
mosomes  more  frequently  than  to  the  pole  with  a  single  X  chromosome.  In 
this  respect  again  the  behavior  of  the  fourth  chromosome  is  different  from 
that  of  the  other  autosomes. 

In  the  last  report  evidence  was  given  which  showed  that  the  attachment  of 
the  spindle  fiber  is  at  the  right  end  of  the  first  chromosome.  This  work  is 
being  continued.  During  the  past  year  the  point  of  attachment  of  the  spindle 
fibers  in  the  autosomes  has  been  studied  by  genetic  methods  by  the  use  of  the 
triploid.     This  work  is  not  quite  ready  to  report. 

The  earlier  work  on  non-disjunction  indicated  that  the  presence  of  a  Y  in  a 
female  (XXY)  leads  to  an  increase  of  crossing-over  in  those  eggs  that  give 
rise  to  regular  offspring,  viz,  X  and  XY  reduced  eggs.  During  the  last  year 
this  problem  has  been  extensively  studied  by  means  of  a  series  of  seven  sex- 
linked  recessives  used  simultaneously.  Females  heterozygous  for  these  seven 
factors,  and  having  a  Y,  did  not  give  significantly  different  crossing-over 
relations  from  those  given  by  sister  XX  females.  Therefore  the  difference 
observed  in  the  earlier  series  was  probably  due  to  some  other  and  unknown 
factor. 

Eight  wild  stocks  from  widely  separated  localities  and  a  few  mutant  stocks 
have  been  tested  for  cross-over  reducers  of  the  type  called  C-factors,  namely, 
those  that  produce  a  marked  reduction  of  crossing-over  when  in  heterozygous 
condition.  One  such  factor  affecting  the  second  and  four  affecting  the  third 
chromosome  were  found.  The  relation  of  these  to  each  other  and  to  pre- 
viously known  C's  is  now  being  studied.  Some  of  these  C's  affecting  the  same 
region  seem  to  be  identical;  others  quite  different;  others  not  identical  but 
allelomorphic  in  the  sense  that  when  both  are  present  some  crossing-over 
occurs,  although  less  than  when  any  given  C  is  homozygous.  One  of  the  new 
C's  has  this  last-mentioned  relation  to  the  Ciil  of  the  curly  chromosome 
(see  Ward,  Genetics,  vol.  viii,  1923).  It  now  becomes  possible  to  get  an 
approximate  location  for  curly.  Its  gene  lies  between  dumpy  and  black, 
near  ski-II,  with  which  it  may  well  be  allelomorphic. 


288  CARNEGIE   INSTITUTION    OF   WASHINGTON. 

The  dominant  mutant  minute-1  was  reported  in  Year  Book  No.  23,  page 
234,  as  a  deficiency  for  plexus  and  arc,  which  are  located  in  the  right  end  of 
the  second  chromosome  and  are  about  a  unit  apart.  Females  heterozygous 
for  minute-1  and  for  plexus  and  arc  have  shown  no  crossing-over  between 
plexus  and  arc.  In  this  respect  minute-1  agrees  with  the  other  deficiencies  in 
Drosophila  that  are  extensive  enough  for  this  relation  to  be  studied. 

The  sex-linked  lethal,  lethal-2,  has  been  reported  as  a  probable  deficiency 
causing  a  reduction  of  crossing-over  of  almost  five  units.  Lethal-2  has  been 
reexamined  and  it  has  been  found  that  when  both  the  right  and  the  left  end 
of  the  chromosome  carrying  the  lethal  were  replaced  by  parts  from  other 
stocks  (by  means  of  crossing-over)  the  newly  constituted  chromosome,  still 
having  lethal-2,  gives  the  usual  cross-over  values.  It  follows  that  the  de- 
crease formerly  observed  was  probably  due  to  a  cross-over  modifier  in  the 
X-chromsome,  but  at  some  distance  from  the  lethal.  The  fact  that  lethal-2 
females  mated  to  club  males  give  half  the  daughters  club  may  be  accounted 
for  on  the  theory  that  lethal-2  is  a  mutant  gene  allelomorphic  to  club  rather 
than  a  deficiency  for  the  club  locus. 

The  curves  for  multiple  crossing-over  in  the  X-chromosome  in  our  last 
year's  report  (page  275)  were  then  extended  to  the  right  of  forked  by  extra- 
polation. More  recently  the  mutant  minute-n,  lying  in  the  region  to  the 
right  of  forked,  has  been  made  use  of  in  determining  experimentally  the  form 
of  the  curves  in  this  region.  Additional  data  on  the  region  to  the  left  of 
forked  have  been  secured  by  the  use  of  alternated  Xple  stock. 

The  linkage  relation  of  the  mutants  in  the  extreme  left  end  of  the  second 
chromosome  has  been  studied  by  Dr.  C.  Stern,  who  finds  that  the  locus  of 
telegraph  is  about  1.5  to  the  right  of  star  instead  of  two  units  to  the  left  of 
star.  Consequently  most  of  the  loci  given  in  the  map  in  page  92  of  the 
Bibliographia  genetica  (vol.  n)  are  two  units  too  large.  The  other  mutants  in 
this  region  are  dachsous  at  0.9  (instead  of  at  14),  expanded  at  1.2  (instead  of 
6)  and  aristaless  at  1.3,  according  to  data  so  far  at  hand.  C.  R.  Plunkett  has 
found  that  morula,  lying  in  the  extreme  right  end  of  the  same  chromosome,  is 
approximately  0.1  to  the  left  of  speck. 

A  number  of  new  minutes  have  been  found  and  their  loci  determined.  The 
frequency  of  the  appearance  of  minutes  is  so  great  that  they  are  a  source  of 
error  in  any  experiment  undertaken  to  locate  a  given  minute,  because  newly 
arisen  minutes  may  be  confounded  with  the  one  under  examination.  Thus, 
when  minute-s  (approximately  0.1  to  the  left  of  purple)  was  studied,  a  fly 
appeared  that  was  black  purple  and  minute.  Unless  this  fly  were  a  double 
cross-over,  which  is  highly  improbable,  it  would  indicate  that  the  locus  of 
minute-s  is  to  the  right  of  purple  rather  than  to  the  left.  When  this  fly  was 
tested  it  was  found  to  be  a  new  minute  (Minute-v)  in  the  third  chromosome, 
hence  the  black  purple  minute  was  not  a  double  cross-over  but  a  non-cross  over 
gamete  and  the  occurrence  had  no  bearing  on  the  sequence  of  the  three  genes 
being  studied. 
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Cannon,  W.  A.,  Stanford  University,  California.     Experimental  studies  on 
roots.     (For  previous  reports  see  Year  Books  Nos.  2-23.) 

The  following  paragraphs  summarize  certain  experiments,  either  completed 
or  in  progress,  on  the  reaction  of  the  roots  of  land  plants  as  indicated  by 
growth  to  certain  measurable  or  at  least  observable  factors  of  the  environ- 
ment. Other  important  and  related  factors  associated  with  root-growth  and 
development,  as  the  relative  acidity  of  the  soil  solution,  and  the  relation  of 
roots  to  the  "plant"  (such  as  to  its  growth),  reaction  to  impinging  subaerial 
environmental  factors  (as  the  evaporation  power  of  the  air,  temperature,  and 
the  like)  have  not  as  yet  been  brought  into  the  focus  of  the  general  problem  of 
the  root  and  its  relations.  There  are  yet  other  root  problems  which  are  fields 
of  possible  importance,  of  which  there  can  be  mentioned  the  role  roots  play  in 
plant  distribution,  the  possible  significance  of  roots  as  evolutionary  agents, 
and  certain  other  lines  which  have  not  as  yet  received  more  than  casual 
attention,  if,  indeed,  any  at  all. 

The  environment  of  the  roots  of  land  plants  is  extremely  varied  and  com- 
plex. The  environmental  factors  which  affect  the  root  are  not  only  those  of 
the  soil  immediately  about  it,  but  through  the  shoot,  which  is  rightly  a  part  of 
the  complex,  it  is  influenced  by  the  subaerial  environment  as  well.  The 
interdependence  of  root  and  shoot  make  it  essentially  necessary  to  take  account 
of  one  while  considering  the  other.  Hitherto  this  relationship,  while  recog- 
nized, has  to  a  very  large  extent  been  neglected.  That  this  is  illogical  is 
apparent.  It  is  proposed,  therefore,  to  bring  so  far  as  possible  the  environ- 
mental factors  both  of  root  and  of  shoot  under  control  at  one  and  the  same 
time,  and  to  conduct  experiments  in  an  analytical  way  under  such  conditions. 
Controlled  experimentation  on  the  mutual  relation  of  root  and  shoot  with 
especial  reference  to  the  influence  of  various  environmental  factors  of  each, 
especially  those  of  the  shoot  on  the  root,  will  be  begun  as  soon  as  the  appara- 
tus, not  now  to  be  had,  can  be  provided  for  and  constructed. 

The  various  experiments  to  be  reported  relate  to  root-growth  as  influenced 
by  several  factors  of  the  environment,  including  the  oxygen  supply,  tempera- 
ture of  the  soil,  which  could  be  determined  and  controlled,  and  variation  in 
the  intensity  of  light,  not  controlled,  and  also  the  stage  of  development  of  the 
root  and  of  the  photosynthetic  organs.  Of  the  relation  to  these  factors  it  will 
be  sufficient  to  mention  in  this  place  the  relation  to  temperature  and  oxygen. 
Hitherto  the  rate  of  growth  of  the  root  in  relation  to  temperature  has  been 
treated  as  if  there  were  no  secondary  limiting  factors  of  importance.  Here, 
however,  it  is  shown  that  such  cardinal  temperatures  for  growth  of  the  root 
as  the  optimum  and  maximum  are  directly  related  to  the  oxygen  supply  by 
which  they  may  be  importantly  influenced.  Further  the  oxygen  relation  of 
roots  can  and  must  be  stated  in  terms  of  temperature.  There  are  two,  or 
possibly  three,  cardinal  concentrations  of  oxygen  for  root-growth,  all  related 
to  temperature.  Suggested  designations  for  such  critical  concentrations  are 
given. 

Cardinal  Concentration  op  Oxygen  in  Root-Growth. 

In  the  relation  of  the  growth  of  roots  to  the  environment  there  are  at  least 
two  variable  factors  of  importance.  These  are  the  temperature  of  the  sub- 
stratum and  the  oxygen  supply.     As  regards  the  former,  possible  cardinal  or 
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critical  temperatures  in  relation  to  growth  are  recognized.  But  this  is  not 
the  case  with  respect  to  oxygen.  Cardinal  partial  pressures  of  oxygen  for 
growth  of  the  root  have  not  been  determined.  It  is  now  known,  however, 
that  an  important  relation  exists  between  the  rate  of  root-growth,  the  oxygen 
supply,  and  the  temperature  of  the  soil.1  It  becomes  advisable,  therefore,  to 
restate  the  oxygen  relation  of  roots,  and  possibly  the  temperature  relation, 
with  respect  to  the  intensity  of  the  other  varying  factor. 

There  are  two  and  possibly  three  partial  pressures  of  oxygen,  in  relation 
to  growth  of  roots,  which  can  be  said  to  be  cardinal  or  critical.  Of  these  one 
relates  to  the  least  concentration  at  which  growth  will  continue,  another  to 
that  most  favorable  to  rapid  growth,  and  a  possible  third  may  be  associated 
with  the  greatest  concentration  at  which  growth  may  take  place.  Of  these 
the  last  mentioned  has  not  been  studied  from  the  present  point  of  view  and 
will  not  be  referred  to  further  in  this  place.  It  is  known  that  the  first  two 
concentrations  are  not  necessarily  specific,  but  are  related  to  the  temperature, 
and  must  be  given  together  with  the  special  temperature  to  which  they  refer. 
It  is  proposed  to  introduce  a  terminology  covering  such  relation  to  the  end 
that  possible  confusion  resulting  from  reinterpretation  of  older  terms  may 
be  avoided.  For  convenience  it  is  proposed  to  call  the  minimum  partial 
pressure  of  oxygen  at  which  root-growth  takes  place,  and  only  in  relation  to  a 
given  temperature,  the  lower  critical  concentration  or  partial  pressure  for 
growth  for  such  temperature.  And  it  is  proposed  to  refer  to  the  concentra- 
tion at  which,  for  any  temperature,  the  growth-rate  is  most  rapid,  as  the  upper 
critical  concentration,  or  partial  pressure  of  oxygen  for  root-growth.  Where 
the  temperature  is  also  the  "optimal"  for  growth  the  upper  concentration 
would  also  be  the  optimal  concentration. 

The  cardinal  partial  pressures  of  oxygen  in  relation  to  growth  have  been 
studied  little  critically.  It  is  only  now  known  that  an  oxygen  deficiency 
exists  between  the  upper  and  the  lower  critical  partial  pressure,  that  what 
may  be  about  the  upper  critical  at  one  temperature  may  be  about  the  lower 
critical  concentration  for  another  and  higher  temperature  and,  vice  versa,  that 
the  range  of  the  oxygen  deficiency  as  well  as  the  range  of  the  upper  and  lower 
critical  concentrations  for  any  temperature  may  be  characteristic  of  types,  or 
species  of  plants.  The  conception  of  cardinal  or  critical  partial  pressures  of 
oxygen  for  root-growth  may  therefore  be  of  some  importance  in  physiological 
as  well  as  in  ecological  plant  studies. 

These  points  can  be  illustrated  briefly.  In  species  of  maize  a  "normal" 
rate  of  root-growth  goes  on  at  30°  C.  when  the  atmosphere  of  the  soil  con- 
tains 10  per  cent,  or  possibly  more,  oxygen.  An  increase  in  the  amount  of 
oxygen,  at  least  of  a  few  per  cent,  the  temperature  remaining  constant,  does 
not  appear  to  induce  an  increased  rate  of  growth.  But  a  decrease  in  the 
oxygen  partial  pressure  is  accompanied  by  a  slowing  of  the  growth-rate, 
until  at  about  3  per  cent,  or  possibly  somewhat  less,  growth  ceases.  If  the 
temperature  of  the  soil  is  10°  C,  more  or  less,  below  the  optimum  the  most 
rapid  growth-rate  will  occur  in  about  4  per  cent,  or  more,  oxygen.  But  if 
the  partial  pressure  is  lowered  to  about  1  per  cent,  growth  will  cease.  Thus 
in  the  maize  the  range  of  oxygen  deficiency,  for  the  temperatures  referred  to, 
is  about  9  per  cent,  that  of  the  upper  critical  about  7  per  cent,  and  of  the 
lower  critical  about  2  per  cent. 

1  Year  Book  No.  23,  p.  136. 
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The  cultivated  species  of  maize  are  sensitive  to  a  deficiency  of  oxygen  and 
may  be  taken  as  fairly  representative  of  this  type  of  plants  as  to  the  oxygen 
relations. 

It  will  be  sufficient  to  refer  to  the  relation  of  the  concentration  of  oxygen  to 
temperature  in  Salix  to  illustrate  the  oxygen  relations  of  a  species  highly 
tolerant  of  an  oxygen  deficiency.  At  a  soil  temperature  of  30°  C.  the  relative 
rate  of  growth  of  the  roots  when  in  about  2  per  cent  oxygen  is  0.6,  when  the 
"normal"  is  1.  In  4  per  cent  oxygen  the  rate  is  about  normal.  It  appears 
probable,  therefore,  that  the  upper  critical  concentration  lies  somewhere 
between  2  and  4  per  cent  for  a  temperature  of  30°.  The  lower  critical  con- 
centration of  oxygen  for  root-growth  at  the  same  temperature  is  about  1  per 
cent.  The  critical  partial  pressures  of  oxygen  for  root-growth  in  Salix  at  low 
temperatures,  as,  for  example,  at  20°  C,  have  not  been  especially  studied.  It 
is  known,  however,  that  growth  doubtfully  takes  place  in  0.5  per  cent,  and  is 
not  far  from  normal  in  about  2  per  cent  oxygen.  It  will  be  seen,  therefore, 
that  the  range  of  oxygen  deficiency  for  the  temperature  range  given,  and  for 
the  temperatures,  is  small,  probably  not  over  2  per  cent,  and  that  the  range 
of  the  upper  critical  is  yet  smaller  and  that  of  the  lower  critical  possibly  not 
more  than  1  per  cent  and  may  be  less. 

A  statement  of  the  upper  and  lower  critical  concentrations  of  oxygen  for 
root-growth  in  Salix  and  in  maize  is  thus  seen  to  define  sharply  the  probable 
difference  in  the  two  species  in  the  relation  to  oxygen.  The  oxygen  relations 
of  any  species  can  be  as  sharply  defined  in  a  similar  way. 

A  word  should  be  said  as  to  the  "optimal"  temperature  for  root-growth, 
as  well  as  the  other  cardinal  temperatures  for  growth.  From  the  definition 
of  the  upper  critical  concentration  of  oxygen  it  is  at  once  apparent  that  where 
the  partial  pressure  is  less,  the  temperature  remaining  constant,  the  rate  of 
growth  will  decrease.  Should  the  temperature  chance  to  be  "optimal"  the 
oxygen  deficiency  will  induce  a  slower  rate,  and  the  most  rapid  growth-rate 
might  be  increased  were  the  temperature  lowered  correspondingly.  For 
temperatures  below  the  "optimal"  certainly  this  occurs.  And  the  "maxi- 
mum" temperature  will  also  be  seen  to  be  lowered  where  the  percentage  of 
oxygen  may  be  less  than  "normal,"  especially  where  a  deficiency  exists. 
Whether  the  minimum  temperature  for  growth  in  any  species  may  be  modified 
by  a  change  in  the  concentration  of  oxygen  is  not  known. 

Variation  of  Growth  Rate  in  Alternating  Light  and  Darkness. 

In  association  with  introductory  studies  on  possible  translocation  of  oxygen 
from  shoot  to  root,  which  will  be  referred  to  in  a  later  section,  numerous 
observations  were  made  on  the  rate  of  root-growth  with  the  shoot  in  weak 
light,  in  total  darkness,  and  in  subdued  daylight,  as  in  a  glass  house  during 
sunshine,  but  with  the  specimens  shaded.  The  leading  results  to  the  present, 
which  are  conflicting,  can  be  briefly  given. 

Gossypium  spp.  and  Prosopis  velutina  seedlings  were  used.  Numerous 
observations  on  root-growth  in  Gossypium  showed  that  in  some  manner  it 
was  related  to  the  intensity  of  light  to  which  the  shoot  was  exposed.  It  was 
found,  for  example,  that  when  the  light  intensities  are  low,  as  during  days  of 
fog,  the  main  root  develops  poorly.  When,  however,  the  early  stages  of  root 
development  take  place  during  days  of  sunshine  the  main  root  grows  to  a  very 
considerable  length  before  laterals  are  formed;  but  under  poor  conditions  of 
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light  intensities  the  laterals  are  formed  while  the  main  root  is  10  to  20  mm.  in 
length,  and  for  a  considerable  period  dominate  the  root  system. 

In  seedling  Prosopis  observations  were  made  twice  daily,  at  the  close  of 
the  period  of  darkness  and  at  the  close  of  the  period  of  light.  The  results 
of  very  many  observations  can  be  briefly  given.  Not  a  little  variation 
was  observed  in  one  and  the  same  specimen  as  regards  root-growth  when  the 
shoot  was  in  darkness  and  in  light.  In  certain  individuals  this  amounted  to 
60  per  cent,  or  less.  In  one  experiment  the  following  successive  measure- 
ments were  made  at  intervals  of  12  hours,  the  first  and  the  third  referring  to 
root-growth  with  the  shoot  in  darkness,  and  the  second  and  fourth  to  the 
shoot  in  light:  11.8  mm.,  14.5  mm.,  18.6  mm.,  and  16.8  mm.  In  another 
series  out  of  35  measurements  of  root-growth  in  alternating  darkness  and 
light,  in  22  instances  the  amount  of  growth  at  night  exceeded  the  amount  by 
day. 

In  the  experiments  referred  to,  the  root  was  kept  at  a  constant  temperature 
both  day  and  night  and  the  oxygen  supply  was  "normal." 

A  possible  analysis  of  the  results  need  not  be  undertaken  at  this  time.  So 
far  as  the  daily  growth-rates  are  concerned,  however,  it  appears  possible  that 
root-growth  may  follow  that  of  the  shoot;  and  as  to  the  observed  variation 
in  growth  and  development  in  Gossypium  it  appears  possible  that  the  matter 
of  available  foods  dependent  in  part  on  light  intensities  may  have  been  the 
controlling  factor.  However  this  may  be,  a  direct  influence  on  growth  of  the 
root  through  the  shoot  was  demonstrated. 

Variation  in  the  Oxygen  Content  op  the  Soil  of  Cultures. 

The  experiments  to  which  this  section  relates  were  carried  on  in  such  manner 
that  the  temperature  of  the  root  was  under  control  and  that  the  oxygen 
content  of  the  soil-atmosphere  could  be  varied  at  will  and  could  be  determined 
at  any  time  without  disturbing  the  experiment.  The  soil  used  was  a  fairly 
coarse  sand.  The  plants  were  sealed  in  glass  tubes,  and  glass  and  metal  were 
used  as  much  as  possible  in  the  apparatus.  From  the  nature  of  the  connec- 
tions, however,  a  certain  inward  diffusion  of  oxygen  from  the  atmospheric  air 
might  be  expected.  As  a  matter  of  fact,  over  periods  of  about  24-hours 
duration,  such  took  place,  amounting  to  0.2  per  cent,  or  more ;  but  a  marked 
increase  in  the  oxygen  content  of  the  culture  tubes  would  have  to  be  accounted 
for  on  another  basis. 

In  numerous  experiments  on  species  with  well-developed  leaves  not  a  little 
variation  in  the  oxygen  content  of  the  soil  of  the  cultures  was  frequently 
observed.  In  such  cases  the  experimental  gaseous  mixtures  used  usually 
contained  little  oxygen,  as,  for  example,  1  per  cent,  or  less.  This  series  of 
experiments  is  in  progress  and  results  with  two  species  only,  a  garden  variety 
of  geranium  and  Gossypium  sp.,  will  be  described. 

Cuttings  of  geranium  which  had  well-developed  leaves  and  root-systems 
were  used.  The  cultures  were  fairly  old  and  although  the  tubes  had  not  been 
exposed  much  to  the  light  there  was  a  fairly  abundant  growth  of  visible  soil 
organisms.  Determinations  of  the  oxygen  content  of  such  cultures,  in 
which  the  gaseous  mixture  contained  0.5  per  cent  oxygen,  showed  an  increase 
of  only  from  0.1  to  0.3  per  cent  oxygen  in  24  hours.  This  was  the  least 
observed  in  any  culture  in  which  plants  of  fair  size  were  used,  and  was  tenta- 
tively attributed  to  the  presence  of  soil  organisms. 
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In  cultures  of  Gossypium  an  increase  in  the  amount  of  oxygen  in  the  soil  of 
the  cultures  was  frequently  seen,  amounting  to  1.4  per  cent,  more  or  less, 
more  than  in  the  source. 

Possible  causes  of  the  increased  partial  pressure  of  oxygen,  in  addition  to 
that  already  mentioned,  were  sought  in  various  directions,  especially  in 
differences  in  the  temperature  relations,  in  the  stage  of  development,  and  in 
variations  in  the  light  relations  of  the  shoot. 

In  the  experiments  on  possible  effect  of  different  temperatures  a  constant 
soil  temperature  of  22°  and  of  about  28°  C.  were  used.  The  initial  oxygen 
content  of  the  soil  atmosphere  was  1.2  and  2  per  cent,  which  was  relatively 
high.  At  the  lower  temperature,  and  in  1.2  per  cent  oxygen,  the  increased 
amount  of  oxygen  at  the  end  of  24-hour  periods  was  determined  to  vary  from 
no  increase  in  one  instance  to  0.4  and  0.6  each  in  one  culture,  and  to  1.8  per  cent 
in  three  cultures.  When  2  per  cent  oxygen  was  employed  an  increase  between 
0.2  and  1  per  cent  was  observed,  except  in  one  instance  where  there  was  none. 
At  the  higher  and  approximately  "optimal"  temperature  for  root-growth  the 
oxygen  content  did  not  appear  to  vary  so  widely  as  at  the  lower  temperature. 

An  examination  of  the  variation  in  oxygen  content  in  relation  to  the  stage 
of  development  of  the  root  appeared  to  give  more  consistent  results  than  those 
already  mentioned.  For  example,  in  one  experiment,  before  laterals  appeared, 
the  average  oxygen  content  above  that  of  the  source  was  0.6,  0.5,  0.3,  0.9, 
0.6,  and  0.6  per  cent  for  as  many  cultures.  Four  days  later  than  the  above 
determinations  when  laterals  had  been  formed  in  large  numbers  the  increased 
oxygen  content  was  found  to  be  1.4,  -,  1.4,  -,  2,  and  2  per  cent  for  the  same 
individuals.  Thus  the  difference  in  oxygen  content  before  and  after  the 
formation  of  laterals,  and  leading  up  to  and  immediately  after  the  grand 
period  of  growth,  was  found  to  be  not  only  striking  but  consistent. 

Finally,  preliminary  experiments  were  undertaken  with  the  view  of  learning 
the  possible  influence  of  variation  of  light.  Owing  to  the  lack  of  proper 
control  only  general  results  and  relations  could  be  determined.  In  this  series 
many  experiments  were  run  in  the  greenhouse  laboratory  at  Carmel,  and  at 
the  temporary  laboratory  at  Stanford  University.  The  lighting  conditions 
of  the  latter  were  possibly  somewhat  better  than  in  the  former  laboratory. 
The  results  were  not  consistent  and  need  not  be  given  at  this  time.  Following 
these  experiments,  conducted  in  diffused  light,  a  series  was  run  in  full  sun- 
light and  the  results  can  be  summarized.  All  of  the  plants  had  been  grown 
under  cover  and  were  well  developed,  having  much  branched  roots  and  shoots 
with  the  mature  form  of  leaves  as  well  as  fairly  large  cotyledonary  leaves. 
Of  four  plants  the  leaf  surface  of  three  was  approximately  equal,  but  that  of 
the  fourth  was  appreciably  less  extensive.  This  concerned  the  mature  type 
of  leaves  only.  On  July  20  the  experiment  was  set  up  immediately  outside  the 
laboratory  where  they  were  exposed  to  full  daylight  for  a  period  of  about  8 
hours.  The  early  morning  was  somewhat  hazy  but  there  was  full  sunshine 
during  the  balance  of  the  experiment.  The  air  temperature  was  about  26°  C. 
for  most  of  the  day.  The  roots  were  given  0.5  per  cent  oxygen  at  9  a.  m.  and 
oxygen  determinations  of  the  cultures  showed  that  the  atmosphere  of  the 
soil  contained  this  amount.  At  5  p.  m.  the  amount  of  oxygen  in  each  tube 
was  determined  with  the  following  results:  Three  of  the  tubes  were  found 
to  contain  from  1.3  to  1.5  per  cent  more  oxygen  than  the  source,  and  the 
fourth  had  an  increase  of  0.7  per  cent.  In  the  last  the  foliar  surface  was  the 
least. 
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The  general  results  of  experiments  with  Gossypium  appear,  therefore,  to 
point  to  the  possibility  of  downward  movement  of  oxygen  from  the  shoot  to 
the  root  and  from  the  root  outward  into  the  soil.  While  the  conditions  under 
which  this  oxygen  translocation  takes  place  have  not  been  worked  out,  they 
appear  to  include  light  intensities  that  are  high  and  possibly,  on  the  part  of  the 
root,  a  certain  and  mature  degree  of  development. 

Root  Growth  in  Salix  in  Relation  to  Temperature,  the  Presence  of  Leaves,  and 

an  Oxygen  Deficiency. 

In  tests  on  the  growth  of  roots  in  Salix  lasiolepis  in  relation  to  the  oxygen 
supply  it  has  been  found  that  for  any  soil-temperature,  below  the  "optimum," 
the  lower  critical  as  well  as  the  upper  critical  concentration  of  oxygen  for 
growth  are  both  relatively  small  (see,  an  earlier  section).  But  it  has  been 
observed  that  no  root-growth  takes  place  in  the  entire  absence  of  oxygen  in 
the  atmosphere  of  the  soil.  This,  however,  does  not  appear  to  preclude  the 
possibility  that  in  plants  with  leaves  a  portion  of  the  oxygen  utilized  in  root- 
growth  may  be  derived  in  some  manner  from  the  subaerial  portion  of  the 
plant.  To  test  such  possibility  in  a  preliminary  way  the  rate  of  growth  of 
the  roots  at  relatively  high  soil-temperatures  and  in  different  percentages  of 
oxygen  was  observed  in  cuttings  with  roots,  but  before  leaves  had  been 
organized  and  after  they  had  appeared.  This  would  simulate  a  normal  type 
of  development  of  cuttings.  In  the  experiments  4,  10,  and  12.5  per  cent 
oxygen  mixtures  were  used.  All  of  these  concentrations  are  known  to  induce 
a  normal  growth-rate  in  the  roots  of  Salix  at  optimal  temperature,  and  at  all 
lower  temperatures  suitable  for  growth.  The  soil  temperature  actually 
employed  was  30°  C. 

The  experiments  were  begun  on  leafless  cuttings.  In  such  the  following 
growth  ratios  1  were  derived:  In  4  per  cent  oxygen,  0.33  and  0.56;  in  10  per 
cent  oxygen,  0.30  and  0.50;  and  in  12.5  per  cent  oxygen,  0.32  and  0.77.  In 
these  experiments  growth  at  the  same  temperature  but  in  a  "normal" 
oxygen  supply  would  be  1.  While  no  especial  significance  in  this  instance  is 
attached  to  the  exact  growth-ratios,  owing  to  the  relatively  small  number  of 
experiments,  the  significant  result  was  obtained  that  in  all  oxygen  concentra- 
tions used  and  at  the  temperature  employed  the  growth-rate  in  all  instances 
was  below  that  to  be  expected  in  20  per  cent  oxygen. 

After  the  observations  just  reported  were  made,  the  willow  cuttings  were 
allowed  to  remain  a  few  days  with  the  roots  normally  aerated,  during  which 
period  about  40  leaves  appeared  on  each  plant.  The  remaining  tests,  there- 
fore, were  different  from  the  one  just  preceding,  in  that  the  cuttings  were  in 
leaf.  The  soil-temperature  was  the  same  as  before.  Four  and  8  per  cent  oxygen 
were  used.  The  results  were  consistent  and  those  to  be  expected  with  the 
temperature  and  concentration  of  oxygen  employed.  In  short,  it  was  found 
that  the  growth-ratios  both  in  4  and  in  8  per  cent  oxygen  were  1.  That  is, 
growth  was  normal  for  the  temperature.  When  2  per  cent  oxygen  was  used, 
however,  the  growth-ratio  fell  to  about  0.5,  as  would  be  expected  for  the 
partial  pressure  of  oxygen  and  for  the  temperature. 

The  observations  appear  to  indicate,  therefore,  that  there  is  a  qualitative 
difference  in  the  growth-ratios  of  the  root  before  and  after  the  formation  of 
leaves.  In  the  absence  of  further  experimental  proof  it  is  concluded  ten- 
tatively that  this  difference  may  be  due  to  the  increase  in  the  oxygen  partial 
pressure  of  the  soil  in  the  latter  case  as  opposed  to  such  lack  in  the  former 

1  Year  Book  No.  22,  p.  60. 


BOTANY.  295 

case.  It  should  be  pointed  out  that  if  there  is  active  translocation  of  oxygen 
from  shoot  to  root  this  is  not  wholly  dependent  on  a  very  steep  gradient 
between  soil-atmosphere  and  atmospheric  air  as  would  probably  be  the  case 
in  the  natural  habitat  of  the  species.  That  the  presence  of  leaves  is  correlated 
with  such  possible  increase  in  the  amount  of  oxygen  available  for  the  roots 
seems  to  be  a  necessary  conclusion. 

Experiments  on  the  Rate  of  Root-Growth  and  Evaporation. 

In  introductory  experiments  on  the  mutual  influence  of  root  and  shoot  on 
growth  and  development,  and  the  relation  to  the  environment,  possible  effects 
of  increased  evaporation  rates  on  root-growth  were  under  investigation.  The 
environment  of  the  shoot  was  not  otherwise  under  control,  but  the  oxygen 
supply  and  the  temperature  of  the  root  were  known  and  controlled.  The 
increase  in  the  evaporation  power  of  the  air  was  brought  about  by  the  use  of  a 
small  electric  fan  placed  1  meter  from  the  cultures.  In  the  conduct  of  the 
experiment  the  fan  was  run  24  hours  continuously,  the  amount  of  root-growth 
was  noted,  then  the  fan  was  stopped  for  24  hours,  when  the  amount  of  growth 
was  again  read.  The  variation  in  the  evaporation  power  of  the  air  during 
such  periods  yielded  a  ratio  approximately  3:1,  as  determined  by  atmometer 
readings. 

Seedings  of  Gossypium  hirsutum  were  used  and  1,  2,  and  4  per  cent  oxygen. 
The  soil  was  kept  either  at  25.5°  or  28°  C.  An  oxygen  deficiency  existed  at 
either  temperature,  and  was  marked  at  the  upper  temperature  and  at  the 
least  concentration  of  oxygen. 

The  results  are  given  provisionally,  owing  in  large  part  to  the  lack  of  control 
of  the  subaerial  environment,  particularly  the  temperature  and  the  light 
intensities.  Both  of  the  latter  varied  greatly  during  the  day  as  well  as  from 
day  to  day.  As  obtained,  the  leading  results  can  be  summarized  as  follows : 
When  4  per  cent  oxygen  was  used,  soil-temperature  28°  C,  a  daily  growth  of 
20,  30,  and  15  mm.  was  seen  to  occur  in  each  root.  When  exposed  to  the  fan, 
however,  the  rate  for  the  same  plants  fell  to  9,  15,  and  11  mm. 

In  1  per  cent  oxygen,  with  the  temperature  of  the  soil  28°  C,  a  daily 
growth  of  1.5  and  2  mm.  was  recorded.     Growth  ceased  upon  using  the  fan. 

The  results  with  a  soil-temperature  of  25.5°  were  not  so  consistent  as  those 
just  reported.  Thus  in  4  per  cent  oxygen  a  daily  growth  amounting  to  22, 
17,  and  8  mm.  was  obtained  without  the  fan,  but  with  the  fan  it  became 
17,  22,  and  9  mm.  for  the  same  individuals. 

In  the  experiments  given,  and  others  not  referred  to,  it  is  evident  that  there 
is  some  relation  between  favorable  atmospheric  conditions  for  active  water- 
loss  from  the  shoot,  the  concentration  of  oxygen,  the  soil  temperature,  and 
the  rate  of  growth  of  the  main  root.  Where  the  oxygen  deficiency  is  marked, 
growth  ceases;  where  it  is  not  marked  the  rate  may  be  less  than  normal,  but 
where  it  is  approximately  normal  the  effect  is  doubtful — growth  may  not  be 
changed  in  rate. 

Formation  of  Root-Hairs  in  Relation  to  Oyxgen  Deficienct. 

In  connection  with  experiments  on  the  relation  of  root-growth  to  the 
oxygen  supply  of  the  soil-atmosphere  opportunity  was  given  to  observe  the 
formation  of  root-hairs  in  different  concentrations  of  oxygen.  This  was 
possible  because  of  the  arrangement  of  the  apparatus  by  which  the  root  was 
in  part  pressed  closely  against  the  inner  face  of  the  culture  tube.     In  this 
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position  it  could  be  closely  examined  with  a  lens  and  the  presence  or  absence 
of  hairs  could  be  surely  told  without  disturbing  the  course  of  the  experiment. 

The  present  report  refers  only  to  observations  on  a  garden  variety  of  maize. 

The  roots  of  the  maize  require  10  per  cent  oxygen,  or  more,  for  a  normal 
rate  of  growth  at  about  30°  C,  which  is  about  the  optimal  temperature  for 
growth.  The  lower  critical  partial  pressure  of  oxygen  for  growth  at  such 
temperature  is  about  3  per  cent.  The  latter  concentration  is  about  the  upper 
critical  concentration  for  18°  C. 

The  observations  on  the  formation  of  root-hairs  in  maize  were  made  at 
temperatures  of  the  soil  between  18°  and  30°  C.  and  with  a  soil  atmosphere 
containing  3.6  per  cent  oxygen.  This,  it  will  be  seen,  is  possibly  somewhat 
more  than  the  lower  critical  partial  pressure  for  30°  C.  and  somewhat 
above  the  upper  critical  concentration  for  the  lower  temperature.  The 
observations  were  continued  from  the  time  the  main  root  was  about  20  mm. 
long  until  it  had  developed  laterals.  Several  seedlings  were  examined,  and  it 
was  determined,  in  brief,  that  there  were  no  root-hairs  on  any  specimen  in  3.6 
per  cent  oxygen,  and  at  either  temperature.  At  the  same  time  controls 
with  normal  soil  aeration  had  formed  root-hairs  in  abundance.  Should 
further  observations  sustain  those  given  it  would  seem  that  the  concentration 
of  oxygen  necessary  for  the  formation  of  root-hairs  may  be  below  that  required 
for  root-growth,  and  that  in  maize  it  is  relatively  high. 

Immediate  Effect  of  Flooding  on  Root-Growth  in  Gossypium. 

The  immediate  effect  of  saturating  the  soil  with  water  on  the  rate  of  growth 
of  roots  was  observed  in  8  cultures  which  had  previously  been  used  in  other 
experiments  but  which  showed  active  growth.  The  cultures  were  in  sand  and 
were  so  arranged  that  the  growth  of  the  roots  could  be  measured  at  any  time. 
Two  constant  soil-temperatures,  25°  and  28°  C,  were  used. 

The  leading  results  can  be  summarized  as  follows :  In  a  thermostat  running 
at  28°  C,  the  main  root  of  No.  3  increased  in  length  12  mm.  during  24  hours. 
That  of  No.  4  grew  4  mm.  during  the  same  period.  Plants  Nos.  6  and  8,  at 
a  soil-temperature  of  25°,  showed  an  increased  root-growth  during  the  same 
time  of  4  and  3  mm.  Each  of  the  plants  had  two  mature  type  of  leaves  and 
fairly  large  cotyledonary  leaves.  The  day  following  the  experiments  as  given 
above  all  of  the  cultures  were  flooded,  so  that  the  interstitial  spaces  were 
completely  filled  with  water;  gaseous  exchange  was  therefore  by  diffusion 
only.  The  inlet  and  the  outlet  tubes  of  each  culture  were  left  open,  and 
about  40  mm.  of  soil  at  the  upper  end  of  each  culture  tube  was  not  flooded.  In 
the  inlet  and  outlet  tubes,  and  in  the  unflooded  portion  of  the  culture  tubes 
there  was  an  amount  of  oxygen  equalling  that  in  atmospheric  air.  The 
experiment,  therefore,  did  not  represent  the  extreme  condition  of  flooding. 

After  having  been  flooded  for  24  hours,  during  which  time  the  temperature 
of  the  cultures  was  as  before  flooding,  the  following  growth  of  the  roots  was 
noted:  In  No.  3,  4  mm.;  in  No.  4,  3  mm.;  in  No.  6,  none;  and  in  No.  8,  1  mm. 

The  experiment  appears  to  indicate,  therefore,  that  the  growth-rate  of  the 
main  root  of  Gossypium  may  be  greatly  decreased  by  flooding  the  soil  and  that 
it  even  may  cease  from  this  cause.  From  what  is  now  known  regarding  the 
dependence  of  root-growth  in  the  species  on  a  relatively  good  oxygen  supply 
it  is  possible  that  the  effects  noted  were  solely  due  to  the  sudden  diminution 
of  oxygen  concentration  which  accompanied  flooding.  Under  such  circum- 
stances the  oxygen-content  of  the  soil  becomes  much  below  the  lower  critical 
partial  pressure  necessary  for  growth  at  the  temperature  used. 
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Oxygen  Relations  of  Quercus  agrifolia. 

The  encina  oak  (Q.  agrifolia)  of  California  has  a  highly  characteristic  type 
of  root  system.1  The  roots  of  the  species,  for  the  most  part,  lie  close  to  the 
surface  of  the  ground.  In  such  root  types  it  has  been  found  that  a  fairly 
close  relation  lies  between  the  character  of  the  roots  and  such  environmental 
factors  as  soil-temperature,  soil-aeration,  and  possibly  soil-moisture.  And, 
further,  it  is  suspected  that  the  specialized  type  of  roots  has  a  direct  relation 
to  the  distribution  of  the  species.  Whether  this  may  be  the  case  with  the 
encina  oak,  however,  remains  to  be  seen.  There  is  apparently  no  data  on  the 
temperature  of  the  soil,  its  moisture  content,  or  oxygen  content,  where  the 
species  naturally  occurs. 

Some  preliminary  experiments  were  run  on  root-growth  and  soil-tempera- 
tures in  the  encina  oak.  The  constant  temperatures  used  were  19°,  24.5°,  and 
31.5°  C.  The  plants  were  transplanted  natural  seedlings  and  the  roots 
were  well  developed.  Growth  during  periods  of  24  hours  for  each  of  these 
temperatures  was  determined  as  follows:  At  19°,  from  6.5  to  10  mm.;  at 
24.5°,  12.5  to  18.5  mm;  and  at  31.5°,  12  to  15  mm.  Although  there  was  not  a 
little  variation  in  the  rate  of  growth  as  between  plants  at  parallel  soil-tem- 
peratures the  results  appear  to  point  to  a  relatively  high  temperature  as  a 
requirement  for  a  good  rate  of  growth  of  the  roots. 

The  preliminary  experiments  on  the  oxygen  relations  included  tests  with 
1,  2,  and  4  per  cent  oxygen  with  readings  of  root-growth  every  24  hours. 
Soil  temperatures  between  22°  and  29°  C.  were  used.  The  leading  results  can 
be  briefly  given.  At  22°  temperature  root-growth  ceased  when  1  per  cent 
oxygen  was  used,  but  was  renewed  upon  the  introduction  of  atmospheric  air. 
At  a  soil-temperature  of  23.5°  a  growth  ratio  of  0.25  was  obtained  with  2  per 
cent  oxygen,2  or  growth  was  about  one-fourth  as  rapid  as  would  be  expected 
at  the  same  temperature  with  normal  soil  aeration.  And,  finally,  at  a  tem- 
perature of  29°  and  in  4  per  cent  oxygen  the  ratio  was  0.5,  or  less.  Although, 
therefore,  the  results  as  given  may  be  only  approximate  they  nevertheless 
point  to  the  important  possible  conclusion  that  the  roots  of  the  species  are 
very  sensitive  to  a  deficiency  of  oxygen.  Such  being  the  case  the  possible 
definitive  importance  of  the  oxygen  relation,  in  association  with  the  tempera- 
ture relation  of  the  roots,  as  a  factor  in  the  distribution  of  the  species  appears 
to  be  clearly  indicated.  Before  the  relationship  can  be  established,  however, 
as  indicated  above,  a  definition  of  the  temperature  and  aeration  conditions  of 
the  soil  where  the  species  naturally  occurs  is  essentially  necessary. 

Length  of  the    Main   Root   of   Seedlings  with   respect  to  the   Grand   Period 

of  Growth. 

Observations  made  on  the  length  of  the  main  root  of  seedlings  shows  that 
there  may  be  a  marked  variation  in  length  with  respect  to  the  time  of  the  grand 
period,  that  of  most  rapid  growth,  and  also  the  appearance  of  laterals. 
Although  such  variation  was  seen  in  several  species  it  was  especially  observed 
in  the  mesquite. 

The  experiments  on  which  the  observations  were  based  were  run  with  soil 
temperatures  between  28.5°  and  34.5°  C.  but  with  the  subaerial  temperatures 
not  controlled.  These  temperatures  include  those  most  favorable  for  root- 
growth  in  the  species.  The  results  indicate,  in  brief,  that  the  root-length  at 
the  time  of  most  rapid  growth  may  lie  between  18.2  and  118.2  mm. 

1  Year  Book  No.  12,  p.  73. 

2  Year  Book  No.  22,  p.  60. 


298  CARNEGIE    INSTITUTION   OF   WASHINGTON. 

Some  attempt  was  made  to  find  possible  correlations  between  so  great 
variation  and  measurable  or  observable  factors,  including  size  of  cotyledons 
and  temperature  of  the  soil.  The  soil-atmosphere  contained  a  normal  con- 
centration of  oxygen  throughout  the  experiments.  It  had  previously  been 
noted  that  in  a  relatively  small  oxygen  supply  the  cotyledons  did  not  attain 
the  size  they  should  reach  where  there  was  a  normal  supply.  Where  this 
followed  the  grand  period  of  growth,  the  growth-rate  of  the  main  root  was 
noticeably  diminished. 

The  tests  on  possible  relation  between  soil-temperature  and  root-variation 
showed  to  a  certain  degree  the  influence  of  temperature.  Thus  at  28.5°  the 
root-length  was  between  60.7  and  98  mm.  at  the  time  of  the  grand  period. 
At  30.5°  it  was  between  84.5  and  118.4  mm.  At  31.5°  it  was  between  18.2  and 
68  mm.  And,  finally,  at  34.2°  it  was  between  29.5  and  52.2  mm.  At  about 
optimal  temperature,  20°  to  31°,  root-length  at  the  time  of  most  rapid  growth 
was  the  longest,  and  at  a  temperature  somewhat  above  it  was  the  shortest. 

Observations  on  root  behavior  in  Gossypium  sp.  seemed  to  indicate  that  in 
addition  to  temperature  the  size  of  the  foliar  organs,  and  possibly  the  intensity 
of  light,  were  contributory  factors  bringing  about  the  condition  noted.  In 
the  cotton  the  variation  in  root-length,  before  the  grand  period,  was  seen  to 
lie  between  20  and  200  mm.  The  following  relations  were  observed.  When 
the  seedling  developed  under  conditions  of  poor  lighting  the  main  root  was 
short  at  the  time  laterals  appeared.  But,  on  the  other  hand,  when  the 
lighting  conditions  were  favorable,  as  during  periods  of  sunshine,  the  main  root 
was  relatively  long  at  the  beginning  of  the  grand  period.  In  these  instances 
there  was  not  seen  to  be  a  marked  difference  in  the  size  of  the  cotyledonary 
leaves  as  between  the  two  groups  of  plants. 

Osterhout,  W.  J.  V.,  Harvard  University,  Cambridge,  Massachusetts.  Con- 
tinuation of  investigations  on  permeability  of  cells.  (For  previous  reports 
see  Year  Books  Nos.  22  and  23.) 

Much  attention  has  been  devoted  to  the  development  of  microchemical 
methods  for  approximate  quantitative  determinations  of  the  substances 
contained  in  a  single  drop  of  cell-sap.  Such  methods  are  of  great  importance 
for  the  study  of  permeability.  Attempts  have  been  made  to  measure  a 
variety  of  substances  by  centrifugating  precipitates  in  capillary  tubes  and 
measuring  the  length  of  the  column  of  precipitates.  It  is  necessary,  however, 
to  control  conditions  very  carefully  in  order  to  produce  precipitates  which  are 
sufficiently  uniform  in  character  to  be  comparable  under  these  conditions. 
Attempts  have  also  been  made  to  work  up  a  suitable  technique  for  determining 
the  physical  properties  of  drops  of  sap.  Considerable  progress  has  been  made 
in  the  development  of  such  methods. 

The  experiments  on  the  penetration  of  NH3  into  Nitella  which  were  begun 
three  years  ago  have  been  continued.  Studies  have  been  made  of  the  time 
curves  of  penetration  under  a  variety  of  conditions.  It  is  found  that  NH3 
accumulates  until  its  concentration  is  much  greater  in  the  cell-sap  than  in 
the  external  solution.  Contrary  to  expectation  this  accumulation  is  much 
more  rapid  when  the  cell  has  been  injured  in  a  definite  manner.  This  de- 
serves further  investigation. 

Investigations  have  been  made  on  the  permeability  of  a  variety  of  non- 
living materials  to  discover  what  properties  are  essential  in  order  to  produce 
effects  comparable  to  those  found  in  living  tissues. 
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Baxter,  Gregory  P.,  Harvard  University,  Cambridge,  Massachusetts. 
Studies  on  atomic  weight  of  helium.  (For  previous  reports  on  Investiga- 
tions of  Atomic  Weights  see  Year  Books  Nos.  3-15.) 

With  the  assistance  of  Dr.  H.  W.  Starkweather  the  determination  of  the 
density  of  helium  was  undertaken.  The  gas  was  generously  furnished  by  the 
U.  S.  Navy  Department.  It  was  subjected  to  chemical  purification,  then  to 
fractional  adsorption  on  dehydrated  chabazite  at  the  temperature  of  liquid 
air. 

After  nearly  every  series  of  density  determinations  the  gas  was  subjected  to 
additional  treatment  with  adsorbent  before  a  new  series  was  undertaken. 

Spectroscopic  examination  of  the  gas  adsorbed  on  the  chabazite  after  the 
first  series  of  determinations  showed  the  presence  of  a  trace  of  nitrogen.  With 
succeeding  treatments  with  adsorbent  the  proportion  of  impurity  diminished 
without  affecting  the  density  except  after  the  first  series. 

Density  determinations  were  made  with  apparatus  used  in  recent  experi- 
ments on  the  density  of  oxygen.  One  liter  globes  were  used  in  experiments  at 
one  atmosphere;  2  liter  globes  were  used  both  at  one  atmosphere  and  at  one- 
half  atmosphere.     Conventional  constants  were  employed  in  the  calculations. 

Experiments  at  1  atmosphere:  Density  of  helium,  0°  and  760  mm.,  at  sea-level,  lat.  45°. 


Series. 

Number  of 
treatments 

with 
adsorbent. 

Globe  1, 

1031.51 

ml. 

Globe  2, 

1029.30 

ml. 

Globe  3, 

1038.48 

ml. 

Average. 

1 

2 
3 

4 

3 
5 
6 

7 

(0.17853) 
0.17840 
0.17844 
0.17849 

(0.17850) 
0.17848 
0.17846 
0.17841 

(0.17858) 
0.17844 
0.17849 
0.17849 

(0.17854) 
0.17844 
0.17846 
0.17846 

Average 
3,  and 

of   series  2, 
4 

0.17844 

0.17845 

0.17847 

0.17846 

Series. 

Number  of  treatments 
with  adsorbent. 

Globe  4, 

2111.0 

ml. 

Globe  5, 

2117.6 

ml. 

Average. 

7 

8 

9 

10 

11 

12 

9 
10 
11 
11 

14 
14 

0.17853 
0.17849 
0.17846 
0.17843 
0.17846 
0.17847 

0.17841 
0.17851 
0.17852 
0.17844 
0.17847 
0.17845 

0.17847 
0.17850 
0.17849 
0.17844 
0.17847 
0.17846 

Am 

0.17847 

0.17847 

0.17847 

1  The  average  of  all  the  experiments  except  those  of  Series  1  is  0 .  17846. 
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Experiments  at  Yi  atmosphere:  Density  of  helium,  0°  and  380  mm.  at  sea-level,  lat.  45° 


Series. 

Number  of 

treatments 

with  adsorbent. 

Globe  4. 

Globe  5. 

Average. 

13 
14 
15 
16 

14 
14 
16 

18 

(0.08931) 
0.08925 
0.08923 
0.08926 

0.08922 
0.08924 
0.08923 
0.08922 

0.08922 
0.08925 
0.08923 
0.08924 

0.08925 

0.08923 

0.08924 

Since  the  density  at  one-half  atmosphere  is  almost  exactly  half  that  at  one 
atmosphere  it  is  apparent  that  helium  obeys  Boyle's  Law  closely  at  low 
pressures,  as  Burt  has  already  found. 

Using  our  average  value  for  the  density  of  helium,  0.17846,  and  that  for 
oxygen  recently  found  by  us,  1.42901,  and  assuming  that  helium  obeys 
Boyle's  Law  at 'pressures  below  one  atmosphere,  the  following  table  gives 
values  for  the  atomic  weight  of  helium  computed  on  the  basis  of  various 
possible  values  for  (PV)0/(PV)i  for  oxygen: 


(PV)0/(PV)1 

(Oxygen). 

Limiting  value  of 
molal  volume. 

Atomic  weight 
of  helium. 

1.00080 
1.00085 
1.00090 
1.00095 
1.00100 

22.4111 
22.4122 
22.4133 
22.4144 
22.4155 

3.9995 
3.9997 
3.9999 
4.0001 
4.0003 

The  results  indicate  clearly  that,  as  has  been  supposed  for  some  time,  the 
atomic  weight  of  helium  can  not  be  far  from  4.000. 

Noyes,  Arthur  A.,  California  Institute  of  Technology,  Pasadena,  California. 
Researches  upon  (1)  the  properties  of  solutions  in  relation  to  the  ionic 
theory;  {2)  free  energies  and  reduction-potentials;  (3)  a  system  of  qualita- 
tive analysis  including  the  rare  elements;  (4)  the  structure  of  crystalline 
substances  determined  by  X-rays;  (5)  rates  of  chemical  reactions;  (6)  the 
mechanism  of  carrier  catalyses;  (7)  chemical  reactions  produced  by  atoms 
activated  by  energy  radiations;  (8)  infra-red  spectra.  (For  previous 
reports,  see  Year  Books  Nos.  2-23.) 

1.  Propekties  of  Solutions  in  Relation  to  the  Ionic  Theory. 

The  highly  important,  recent  development  of  the  ionic  theory  through  the 
mathematico-physical  treatments  by  Milner  and  by  Debye  and  Huckel  of  the 
effects  arising  from  the  attraction  of  the  ions  have  continued  to  receive  atten- 
tion in  this  laboratory,  both  on  its  theoretical  and  its  experimental  side.  Dr. 
Debye,  during  his  visit  to  this  country,  was  invited  to  come  to  this  Institute, 
and  he  spent  three  weeks  here  which  were  largely  devoted  to  discussion  of 
possible  extensions  of  the  theory  to  more  concentrated  solutions.     These  dis- 
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cussions  led  to  the  publication  of  an  article  by  him  and  Dr.  Linus  Pauling  on  the 
effect  of  the  variation  of  the  dielectric  constant  of  the  solution  with  the  con- 
centration. They  also  contributed  to  the  improvement  of  the  paper  which 
Dr.  Pauling  had  prepared  on  the  corrections  that  would  be  introduced  into 
the  Debye-Huckel  equation  by  taking  into  account  certain  secondary  factors 
that  had  been  neglected  in  deriving  it  for  the  case  of  very  dilute  solutions. 

A  study  of  the  data  available  on  the  electromotive  force  of  cells  containing 
electrolytes  in  solutions  in  methyl  and  ethyl  alcohols  has  been  published  by 
A.  A.  Noyes  and  W.  P.  Baxter.  This  paper  shows  that  the  theoretical  pre- 
diction of  the  ionic  attraction  theory  as  to  the  effect  of  varying  the  dielectric 
constant  of  the  medium  is  at  least  approximately  confirmed. 

2.  Free  Energies  and  Reduction  Potentials. 

One  of  the  simple,  important  reactions  whose  free  energy  and  equilibrium 
conditions  are  only  imperfectly  known  is  the  formation  of  hydrogen  cyanide 
from  hydrogen  and  cyanogen;  and  correspondingly  for  the  reduction-potential 
of  cyanide-ion  to  cyanogen  only  an  estimated  value  is  available.  Attempts 
had  been  made  previously  to  determine  the  latter  directly  by  measuring 
the  electromotive  force  of  the  cell  Pt+H2,  K+CN-,  C2N2+Pt;  but  incon- 
stant, unreproducible  values  were  obtained.  The  thought  suggested  itself 
that  cuprous  cyanide  added  to  the  potassium  cyanide  solution  might  act  as 
a  carrier  for  the  cyanogen.  A  cell  of  the  type  Pt+H2,  HCN+K+CN~-f- 
CuCN(s),  C2N2+Pt  was  therefore  constructed  by  Dr.  A.  E.  Stearn,  and 
measurements  of  its  electromotive  force  have  been  made  by  him  during  the 
past  year.  Preliminary  results  have  been  secured,  which  lead  to  32,300 
cal.  for  the  free-energy  decrease  attending  the  reaction  H2(g)  +  C2N2(g)  = 
2HCN(g)  at  25°,  and  to  —0.204  volt  for  the  reduction-potential  of  cyanide- 
ion  to  cyanogen.  Hydrogen  cyanide  is  therefore  very  stable  with  respect 
to  hydrogen  and  cyanogen;  and  cyanogen  is  a  much  weaker  oxidizing  agent 
than  even  iodine,  whose  reduction-potential  is  —0.536  volt. 

3.  System  of  Qualitative  Analysis  including  the  Rare  Elements. 

This  system  of  analysis,  which  has  been  under  investigation  for  many 
years  by  A.  A.  Noyes  and  W.  C.  Bray,  with  the  aid  of  many  associates  and 
assistants,  has  been  substantially  completed,  so  far  as  the  experimental 
work  is  concerned.  During  the  past  year,  with  the  aid  of  Mr.  R.  H.  Dalton, 
a  satisfactory  plan  of  separating  and  detecting  the  last  group,  including  the 
rarer  alkali  elements,  has  been  worked  out.  Progress  has  also  been  made  in 
writing  up  the  material  to  such  an  extent  that  it  is  expected  that  the  whole 
system  of  analysis  can  be  published  in  the  form  of  a  monograph  during  the 
coming  year. 

4.  The  Structures  of  Crystalline  Substances  Determined  by  X-rays. 

The  structure  of  the  crystal  (NH4)3AIF6  has  been  determined  by  Dr.  Linus 
Pauling;  and  a  paper  on  the  structures  of  this  crystal,  of  (NH4)3FeF6,  and  of 
(NH4)3Mo03F3  has  been  published.  Complete  determinations  of  the  struc- 
tures of  hematite  (Fe203)  and  of  corundum  (A1203)  have  been  published  by 
Dr.  Pauling  and  Mr.  Sterling  B.  Hendricks.  These  investigators  have  also 
determined  the  structures  of  sodium  trinitride  (NaN3)  and  potassium  trini- 
tride  (KN3).     These  structures  are  of  interest  in  that  they  show  the  trini- 
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tride  ion  to  be  composed  of  three  nitrogen  atoms  in  a  straight  line,  and  not 
in  a  ring,  as  has  been  previously  suggested.  Determinations  of  the  unit 
of  structure  and  of  the  space-group  symmetry  of  cesium  tri-iodide  (Csl3) 
and  of  cesium  dibromo-iodide  (CsIBr2)  have  been  published  by  Dr.  Richard 
M.  Bozorth  and  Dr.  Linus  Pauling,  and  of  barite  (BaS04)  by  Dr.  Pauling 
a,nd  Dr.  Paul  H.  Emmett.  Similar  determinations  have  also  been  made  by 
Dr.  Emmett  for  ullmannite  (NiSbS)  and  skutterudite  (CoAs3). 

Messrs.  Pauling  and  Hendricks  have  also  determined  the  unit  of  structure 
and  the  space-group  symmetry  of  the  haxagonal  crystal  /3-alumina,  AI2O3. 
The  basal  plane  (0001)  was  found  to  possess  a  surprisingly  large  grating- 
constant,  which  was  accurately  measured  by  Dr.  A.  Bjorkeson  of  this  Insti- 
tute, and  found  to  be  11.23  angstroms.  This  fact  will  make  this  crystal  of 
great  value  in  physical  investigations  of  very  soft  X-rays. 

Mr.  S.  B.  Hendricks  has  developed  a  modified  form  of  the  powder  photo- 
graphic apparatus,  which  will  enable  it  to  be  used  at  low  temperatures  for 
determining  the  structures  in  the  solid  state  of  some  of  the  simplest  chemical 
substances,  which  are  gaseous  at  room  temperature. 

Dr.  Maurice  L.  Huggins  and  Mr.  Paul  L.  Magill  have  determined  the  struc- 
ture of  Hg2l2,  and  have  found  that  the  mercury  atoms  are  arranged  in  pairs 
throughout  the  crystal.  The  structures  of  N(CH3)4AuCl4  and  [N(CH3)4]2 
PtCl6  have  been  determined  by  Dr.  Huggins  and  Mr.  J.  M.  Carter,  showing 
that  in  both  these  compounds  the  methyl  groups  are  tetrahedrally  placed 
about  the  nitrogen  atoms.  Dr.  Huggins  has  confirmed  Vegard's  determina- 
tion of  the  structure  of  anatase  and  rutile,  the  tetragonal  forms  of  Ti02j 
but  has  shown  that  the  structure  assigned  by  Vegard  to  ZrSi04  is  incorrect. 
He  has  also  determined  the  approximate  values  of  the  parameters  in  quartz 
(Si02),  concerning  which  there  has  previously  been  disagreement. 

Dr.  M.  L.  Huggins  and  Mr.  S.  B.  Hendricks  have  verified  the  structure  of 
penta-erythrite,  C(CH2OH)4,  that  was  deduced  by  Mark  and  Weissenberg. 
This  structure  has  unusual  interest,  because  around  the  central  carbon  atom 
of  each  molecule  the  other  carbons  are  disposed  in  a  plane  at  the  corners  of  a 
square,  instead  of  at  the  corners  of  a  tetrahedron,  as  might  have  been  ex- 
pected. 

Studies  on  The  Distribution  of  Valence  Electrons  in  Crystals  and  on  Atomic 
Radii  have  been  continued  by  Dr.  Huggins;  and  the  results  have  been  pre- 
pared for  publication. 

5.  Rates  of  Chemical  Reactions. 

In  accordance  with  the  program  outlined  in  the  reports  of  previous  years, 
experimental  and  theoretical  work  on  reaction  velocities  has  been  continued 
under  the  general  direction  of  Professor  R.  C.  Tolman. 

Dr.  E.  C.  White  has  completed  and  published  his  work  on  the  initial  rate 
of  decomposition  of  nitrogen  pentoxide.  The  reaction  has  definitely  been 
shown  not  to  be  auto-catalytic,  but  to  be  of  the  first  order  over  a  wide  range 
of  concentrations  under  an  extraordinary  variety  of  conditions.  This  makes 
it  absolutely  necessary  that  theories  of  chemical  reaction-rate  be  able  to 
account  for  the  high  speed  of  this  monomolecular  reaction. 

Mr.  O.  R.  Wulf  has  carried  out  an  extended  series  of  experiments  on  the  rate 
of  decomposition  of  ozone  at  100°.  In  agreement  with  the  work  of  other 
investigators  he  finds  that  the  reaction  is  of  the  second  order,  with  a  specific 
rate  which  usually  remains  constant  throughout  a  given  run.     The  constant, 
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however,  may  vary  several  fold  with  different  samples  of  ozone.  The  work 
has  also  removed  the  apparent  disagreement  between  observations  of  earlier 
experimenters  as  to  the  effect  of  oxygen  on  the  rate  of  reaction.  In  agreement 
with  the  work  of  Chapman  and  Jones  the  addition  of  further  oxygen  to  the 
decomposing  ozone  does  not  affect  the  rate,  while  in  agreement  with  the  work 
of  Jahn  a  change  in  the  total  pressure  of  a  given  reaction  mixture  does  affect  it. 
The  previous  uncertainty  in  the  matter  arose  from  Jahn's  assumption  that 
this  change  of  rate  was  due  to  a  change  in  the  concentration  of  the  oxygen. 
It  now  appears  as  if  the  rate  were  dependent  on  the  concentration  of  some 
substance  other  than  ozone  or  ordinary  oxygen  present  in  the  reaction  mixture. 
There  are  indications  that  this  unknown  substance  may  be  an  activated  form 
of  oxygen,  and  further  research  is  in  progress  to  discover  its  nature.  It  is 
believed  that  the  work  will  clear  up  the  uncertainties  as  to  the  mechanism  of 
the  decomposition  of  ozone  which  have  existed  for  nearly  three  decades. 

On  the  theoretical  side  Professor  R.  C.  Tolman  has  published  an  extensive 
analysis  of  the  mechanism  of  homogeneous  gas  reactions.  He  has  come  to  the 
conclusion  that  an  elaborated  radiation  theory,  as  earlier  advocated  by  him, 
affords  for  the  present  the  only  hope  of  explaining  the  rate  of  decomposition 
of  nitrogen  pentoxide.  If  further  work  shows  that  this  explanation  is  unten- 
able, it  will  probably  be  necessary  to  completely  remodel  many  of  our  present 
ideas,  perhaps  giving  up  the  laws  of  conservation  of  energy  and  momentum 
except  as  a  statistical  requirement.  Professor  Tolman  has  also  published 
some  work  on  the  quantitative  formulation  of  the  correspondence  principle, 
which  is  of  interest  in  connection  with  the  prediction  of  the  rate  of  activa- 
tion of  molecules  by  the  absorption  of  radiation.  He  has  also  obtained  a  new 
derivation  of  the  equation  for  the  temperature-coefficient  of  reaction-rate, 
which  is  freer  from  assumptions  as  to  the  mechanism  of  the  activational 
process  than  previous  derivations. 

In  the  field  of  thermodynamics  Dr.  Pauling  and  Professor  Tolman  have 
applied  statistical  mechanics  to  a  determination  of  the  difference  in  entropy 
of  liquids  and  crystals  at  the  absolute  zero.  They  find  a  quantitative  ex- 
pression for  this  difference,  which  accords  with  the  qualitative  suggestions  of 
Lewis  and  Gibson  that  a  supercooled  liquid  will  have  a  greater  entropy  at  the 
absolute  zero  than  the  corresponding  crystal.  As  to  the  entropy  of  different 
crystalline  forms  of  the  same  substance,  they  are  in  complete  disagreement 
with  the  conclusion  of  Eastman  that  a  crystal  having  many  atoms  in  the 
crystal  unit  will  have  a  greater  entropy  than  one  with  only  a  few  atoms  in 
the  unit,  and  show  instead  that  all  the  crystalline  forms  of  a  substance  have 
the  same  entropy. 

6.  The  Mechanism  op  Carrier  Catalyses. 

Investigations  have  been  made  by  Mr.  Don  M.  Yost  of  the  catalytic  in- 
fluence of  silver  salts  on  the  rate  of  the  oxidation  of  chromic  salts  by  peroxy- 
sulfuric  acid  (H2S2O8).  He  finds  this  rate  to  be  independent  of  the  concen- 
tration of  chromic  salt,  but  proportional  to  the  first  power  of  the  concentration 
of  peroxysulfate-ion  and  of  silver-ion.  These  facts  suggested  that  the  reac- 
tion takes  place  in  the  two  stages  expressed  by  the  following  equations : 

Ag++S208==Ag++++2  S04  =  ; 
3  Ag++++2  Cr+  +  ++8H20  =  3  Ag++2  Cr04  =  +  16H+. 

The  first  of  these  reactions  takes  place  slowly  and  is  that  which  determines 
the  measured  rate  of  the  reaction  as  a  whole.     The  second  reaction  takes  place 


304  CARNEGIE    INSTITUTION    OF   WASHINGTON. 

practically  instantaneously,  as  soon  as  the  products  of  the  first  reaction  appear 
in  the  solution. 

This  suggested  mechanism  evidently  implies  that  univalent  silver-ion  acts 
as  a  carrier  catalyst  in  virtue  of  its  conversion  by  the  peroxysulfate  into 
trivalent  silver-ion.  This  conclusion  was  confirmed  by  the  analysis  of  an 
oxide  (containing  some  basic  sulfate)  of  trivalent  silver,  which  separates  as  a 
black  precipitate  when  silver  salts  and  potassium  peroxysulfate  are  mixed,  and 
which  doubtless  corresponds  to  the  intermediate  compound  which  acts  as  the 
carrier  in  the  above  mentioned  reaction. 

The  proof  furnished  by  this  research  that  trivalent  silver  is  capable  of 
existence  not  only  as  a  solid  oxide,  but  also  as  a  salt  fairly  stable  in  concen- 
trated acid  solution  (though  readily  hydrolized  upon  dilution),  constitutes  an 
important  contribution  to  inorganic  chemistry,  which  may  also  have  special 
bearing  on  atomic  structure  considerations. 

7.  Chemical  Reactions  produced  by  Atoms  Activated  by  the  Absorption  of 

Radiation. 

The  experiments  of  Cario  and  Franck  showing  that  mercury  atoms  excited 
by  the  radiation  from  a  mercury  arc  are  capable  of  causing  hydrogen  to  reduce 
copper  oxide  at  ordinary  temperatures  opened  a  new  field  of  investigation 
which  is  likely  to  prove  of  great  chemical  importance.  Researches  in  this 
direction  have  therefore  been  undertaken  in  this  laboratory.  Dr.  R.  G. 
Dickinson  has  published  a  paper  showing  that  activated  mercury  atoms  also 
cause  the  union  of  hydrogen  and  oxygen  gases;  and  more  recently,  Mr.  A.  C. 
G.  Mitchell  has  extended  his  experiments  by  investigating  the  effect  of  an 
inert  gas  like  argon,  and  of  excess  of  hydrogen  and  oxygen,  on  the  rate  of 
union  of  these  gases  under  the  influence  of  activated  mercury  atoms.  He 
finds  that  a  moderate  excess  of  argon  entirely  destroys  the  effect,  contrary 
to  what  might  have  been  expected  from  Donnat's  experiments,  which  showed 
that  addition  of  argon  promotes  the  transfer  of  energy  from  excited  mercury 
atoms  to  thallium  atoms. 

8.  Infra-Red  Spectra. 

The  region  of  the  spectrum  with  wave-lengths  between  50  and  350/j,  which 
has  previously  received  little  attention,  is  being  studied  by  Dr.  R.  M.  Badger, 
with  the  aid  of  Mr.  C.  T.  Chase.  This  region  is  of  importance  in  connection 
with  the  theory  of  band  spectra,  and  is  likely  to  prove  of  much  chemical 
interest,  because  the  spectrum  there  is  of  molecular  origin  of  the  pure  rota- 
tion type. 

A  spectrometer  of  great  light-gathering  power  has  been  constructed,  with 
provision  for  working  in  a  vacuum  in  cases  where  atmospheric  absorption  is 
troublesome.  A  coarse  echlette  grating  is  to  be  employed,  which  will  pre- 
sumably be  more  efficient  than  the  transmission  gratings  previously  used. 
So  far  the  research  has  principally  been  concerned  with  the  development  of  an 
intense  source  of  radiation,  and  of  a  sensitive  device  whereby  the  radiation 
may  be  detected.  Since  all  black-body  sources  emit  only  feebly  in  the  region 
to  be  studied,  experiments  are  being  made  on  oscillators  emitting  extremely 
short  electromagnetic  waves. 

Publications. 

During  the  past  year  nineteen  articles  have  been  published,  mostly  in 
the  Journal  of  the  American  Chemical  Society,  describing  the  researches  out- 
lined above  or  in  last  year's  Year  Book. 
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Richards,  Theodore  W.,  Harvard  University,  Cambridge,  Massachusetts. 
Continuation  of  exact  investigation  of  atomic  weights  and  other  physico- 
chemical  'properties  of  elements  and  of  simple  compounds.  (For  previous 
reports  see  Year  Books  Nos.  2-23.) 

The  following  investigations  have  been  in  progress  during  the  academic 
year,  some  of  them  continuations  of  work  begun  a  year  or  more  ago. 

Heat  of  Reaction  op  very  Slow  Chemical  Processes. 

Dr.  Oscar  C.  Bridgeman  continued  to  study  the  heat  of  hydrolysis  of 
various  esters,  having  still  further  refined  the  elaborate  and  efficient  apparatus. 
He  studied  also  in  a  preliminary  way  six  other  slow  organic  reactions. 

Heats  op  Neutralization  and  Heats  of  Dilution. 

Dr.  Frank  T.  Gucker  jr.  has  continued  his  thermo-chemical  work,  studying 
the  specific  heats  of  many  more  solutions  and  also  the  heats  of  neutralization 
of  organic  acids,  the  latter  being  accomplished  in  a  new  and  improved  assem- 
blage similar  to  that  used  by  Dr.  A.  W.  Rowe  some  years  ago. 

Lead  Isotopes  and  the  Atomic  Weight  op  Lead. 

Dr.  Lawrence  P.  Hall  completed  his  analysis  of  the  various  fractions  of 
radioactive  lead  and  conclusively  proved  that  neither  the  Grignard  process 
nor  distillation  in  a  very  high  vacuum  is  adequate  to  effect  appreciable 
separation  of  any  of  these  specimens  into  fractions  of  different  atomic  weight. 

Compressibility  of  Thallium. 

The  fact  that  the  published  results  for  the  compressibility  of  thallium  are 
not  consistent  made  a  redetermination  with  especial  care  desirable.  This 
work  was  carried  out  by  Joseph  D.  White,  who  prepared  a  large  quantity  of 
thallium  in  a  very  pure  state.     His  results  are  almost  ready  for  publication. 

Action  of  Chloride  Solutions  on  Mercurous  Chloride. 

Mr.  Marcel  Francon,  holding  the  Scholarship  of  the  Harvard  Club  of 
France,  has  continued  the  physico-chemical  study  of  the  action  of  soluble 
chlorides  on  mercurous  chloride.  He  has  obtained  interesting  results  which 
promise  to  throw  further  light  on  the  nature  of  the  solutions  produced. 

Cadmium  Amalgams. 

Mr.  Charles  E.  Teeter  jr.  has  undertaken  the  comprehensive  study  of 
cadmium  amalgams  in  order  to  define  the  compound  of  cadmium  and  mercury 
which  is  formed,  and  to  determine  the  equilibria  involved  in  the  solid  solutions 
occurring  under  different  circumstances.  His  evidence  points  toward  the 
existence  of  not  more  than  3  atoms  of  mercury  to  1  of  cadmium  in  the  com- 
pound, instead  of  7  to  2  as  usually  assumed. 

Activity  Coefficient  of  Thallium  Hydroxide  and  Allied  Problems. 

Mr.  K.  S.  Chang,  continuing  work  carried  out  in  the  Gilman  Laboratory  of 
the  University  of  California  but  not  there  brought  to  a  successful  conclusion, 
studied  the  electromotive  force  of  cells  consisting  of  thallium  amalgam, 
thallium  hydroxide,  and  a  hydrogen  electrode.  He  found  that  many  com- 
plications are  involved  in  this  apparently  simple  cell,  and  the  investigation  will 
be  continued  next  year,  when  there  is  reason  to  hope  that  the  complications 
may  be  eliminated. 
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Further  time  has  been  spent  upon  the  internal  pressures  of  solids,  especially 
those  pressures  which  are  produced  by  the  action  of  chemical  affinity. 

Papers  published  from  this  Laboratory  during  the  year  are,  as  usual,  in- 
cluded in  the  bibliography  of  this  Year  Book. 

Sherman,  H.  C,  Columbia  University,  New  York,  N.  Y.  Chemical  investi- 
gation of  the  amylases  and  related  enzymes.  (For  previous  reports  see 
Year  Books  Nos.  11-23.) 

Of  the  studies  described  as  in  progress  last  year,  one,  on  the  influence  of 
tryptophane  and  other  amino  acids  upon  the  stability  and  enzymic  activity 
of  pancreatic  amylase,  has  been  published  in  the  Journal  of  the  American 
Chemical  Society  for  June  1925,  and  the  others  are  being  continued  along  the 
lines  indicated  in  previous  reports. 

The  new  experimental  work  of  the  past  year  has  been  devoted  chiefly  to  a 
study  of  the  behavior  of  pancreatic  amylase  toward  adsorbents  and  the  use  of 
adsorption  as  a  possible  step  in  the  purification  of  this  enzyme.  A  double 
interest  attaches  to  this  line  of  investigation.  It  has  been  claimed  by  certain 
other  investigators  that  the  employment  of  the  adsorption  method  permits  the 
preparation  of  a  more  highly  purified  and  more  active  pancreatic  amylase 
than  had  previously  been  obtained  (a  claim  of  considerable  importance  in 
relation  to  our  purification  work)  and  there  was  also  the  prospect,  briefly 
suggested  in  our  report  of  last  year,  that  a  study  of  the  adsorption  phenomena 
of  this  enzyme  at  different,  carefully  regulated  concentrations  of  hydrogen  ion 
might  give  information  as  to  its  isoelectric  point.  The  latter  line  of  experi- 
mentation is  proving  unquestionably  fruitful;  and  the  results  of  this  study  are 
of  interest,  both  from  a  theoretical  viewpoint  and  as  a  direct  guide  to  further 
experimental  work. 

The  experiments  thus  far  carried  out  have  dealt  chiefly  with  the  adsorption 
of  the  enzyme  (pancreatic  amylase)  from  its  alcohol-water  solution  by 
aluminagel  and  the  recovery  of  the  adsorbed  enzyme  by  elution  with  phos- 
phate solution. 

Inasmuch  as  the  ammonium  phosphate-ammonia-water  solution  employed 
by  previous  investigators  for  the  elution  of  the  adsorbed  enzyme  does  not 
permit  of  satisfactorily  accurate  measurements  of  the  pH  value,  and  as  it  was 
also  desired  to  avoid  the  introduction  of  nitrogenous  reagents  in  order  that 
we  might  investigate  quantitatively  by  means  of  nitrogen  determinations  the 
question  of  relationship  between  enzymic  activity  and  the  presence  of  protein 
material,  we  have  investigated  the  use  of  disodium  phosphate  in  this  con- 
nection. It  was  found  that  a  slightly  alkaline  solution  of  disodium  phos- 
phate at  a  concentration  of  0.05  molar  was  equally  efficient  with  the  am- 
monium phosphate  solution  and  permitted  us  to  work  at  definitely  known 
and  controlled  hydrogen  ion  activities  or  pH  values. 

A  study  has  been  made  of  the  influence  of  changes  of  the  pH  values  of  the 
solutions  upon  both  the  adsorption  of  the  amylase  from  its  water-alcohol  solu- 
tions and  also  upon  the  reverse  process  of  removing  the  amylase  from  the 
alumina  gel  by  which  it  had  been  adsorbed.  Both  of  these  lines  of  investiga- 
tion should  throw  light  upon  the  isoelectric  point  of  the  enzyme. 

The  results  of  the  adsorption  experiments  so  far  obtained  indicate  a  rela- 
tionship between  the  reaction  of  the  solution  and  the  adsorption  of  the 
amylase  from  its  alcohol-water  solution,  but  further  experiments  will  be 
needed  to  establish  the  optimum  pH  values  for  the  adsorption. 
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The  experiments  dealing  with  the  elution  of  the  amylase  from  the  alumina 
gel  with  disodium-phosphate  solution  have  yielded  more  definite  results.  In 
discussing  these  results  the  pH  values  given  are  those  of  the  phosphate  solution 
after  the  elution  of  the  amylase  from  the  alumina  gel  and  therefore  presumably 
represent  the  effective  hydrogen-ion  concentration  of  the  actual  process  and 
condition  of  removal  of  the  enzyme  from  its  adsorbent.  A  definite  correla- 
tion between  the  pH  of  the  phosphate  solution  and  the  effectiveness  of  its 
elution  of  active  enzyme  was  found.  Solutions  having  values  of  pH  7.0  to 
7.5  have  proven  to  be  the  most  effective.  These  observations,  especially 
when  studied  in  connection  with  the  results  obtained  in  other  phases  of  our 
investigations  and  with  the  evidence  of  other  investigations  in  colloid 
chemistry,  indicate  strongly  that  pancreatic  amylase  is  an  amphoteric 
electrolyte  whose  isoelectric  point  lies  at  about  pH  7.0.  This  would  mean 
that  in  the  case  of  pancreatic  amylase,  as  in  the  case  of  malt  amylase  the  in- 
vestigation of  which  was  reported  last  year,  the  isoelectric  point  or  zone  of 
the  enzyme  coincides  with  its  zone  of  optimum  enzymic  activity — a  dis- 
covery of  distinct  theoretical  interest  which  derives  enhanced  importance 
from  this  new  evidence  that  the  relationship  probably  is  a  general  one  for  this 
type  of  enzymes  and  is  likely  to  play  a  prominent  part  in  future  theories  of 
enzyme  action. 

Largely  by  the  use  of  adsorption  methods,  Willstatter  and  his  coworkers 
have  effected  what  they  believe  to  be  an  unprecedented  degree  of  purification 
of  pancreatic  amylase  and  have  concluded  that  the  enzyme  as  thus  purified  is 
of  other  than  protein  nature.  Valuable  as  is  their  work  upon  some  aspects  of 
the  adsorption  phenomena,  their  conclusions  regarding  the  chemical  nature  of 
the  enzyme  and  its  quantitative  activity  as  purified  by  their  method  are 
shown  by  our  experiments  to  be  in  error,  and  the  source  of  these  errors  has, 
we  believe,  been  clearly  revealed  by  our  investigations.  Reverting  to  the  use 
of  glycerol  for  the  preservation  of  the  enzyme  in  solution  (which  Osborne,  and 
later  we,  had  set  aside  in  favor  of  procedures  capable  of  yielding  a  pure  dry 
product)  the  Munich  investigators  have  tested  the  activity  of  their  glycerol- 
water  solution  of  purified  amylase  and  then  have  interposed  a  long  period  of 
dialysis  against  running  water  before  the  determination  of  solids  for  the 
calculation  of  the  enzymic  activity  and  the  examination  of  the  solution  with 
reference  to  the  chemical  nature  of  the  enzyme.  Their  assumption  that  the 
material  substance  of  the  enzyme  might  be  expected  to  remain  in  the  dialyzer 
without  qualitative  or  quantitative  alteration  we  have  found  to  be  invalid. 
Not  only  have  we  repeatedly  demonstrated  a  slow  dialysis  of  intact  enzyme, 
which  loss  would  necessarily  be  greatly  accentuated  when  dialysis  is  con- 
tinued for  a  much  longer  time  and  against  running  water;  but  also,  as  we 
have  explained  fully  in  previous  reports  and  in  the  paper  on  the  influence  of 
amino  acids  above  referred  to,  there  is  under  such  conditions  a  relatively 
rapid  loss  both  of  enzymic  activity  and  of  the  actual  substance  of  the  enzyme 
molecule,  due  to  its  hydrolysis  into  products  some  of  which  are  readily 
dialyzable.  Here  also  the  long  dialyses  against  running  water  adopted  by 
Willstatter  and  his  coworkers  would  necessarily  make  the  losses  much  greater 
in  their  experiments  than  in  those  in  which  we  demonstrated  them.  Hence  it 
must  be  concluded  that  they  greatly  overestimated  the  activity  of  their  purified 
enzyme  material  because  of  greatly  underestimating  the  amount  of  it  present 
in  the  glycerol-water  solution  which  they  tested,  and  that  their  negative  find- 
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ings  as  to  the  chemical  nature  of  the  enzyme  are  inconclusive  because  the  long 
dialysis  which  they  interposed  between  the  tests  for  the  activity  of  the  enzyme 
and  for  its  chemical  nature  had  offered  opportunity  for  such  serious  physical 
losses  and  chemical  changes  that  their  subsequent  tests  can  not  be  regarded 
as  having  the  significance  which  they  attached  to  them. 

We  have  carefully  repeated  their  method  of  purification  with  painstaking 
precautions  to  establish  and  observe  the  most  favorable  conditions  for  each 
step.  The  actual  concentration  of  active  enzyme  relative  to  total  protein 
effected  by  their  method  in  our  hands  is  apparently  about  one-half  that  which 
we  have  previously  recorded.  Our  repetition  of  their  work  confirms  the 
conclusion,  reached  in  our  previous  investigations  in  which  the  problem  of 
the  chemical  nature  of  the  enzyme  has  been  approached  from  several  dif- 
ferent angles,  that  the  enzyme  either  is  of  protein  nature  or  contains  protein 
as  an  essential  constituent. 

Our  investigation  of  the  physico-chemical  properties  of  these  enzymes  is 
being  continued. 

The  efficient  collaboration  of  those  who  have  shared  in  this  work  whether 
as  research  assistants  or  volunteers  is  gratefully  acknowledged. 


ECOLOGY. 

Clements,  F.  E.,  Santa  Barbara,  California.     Associate  in  Ecology.     (For 
previous  reports  see  Year  Books  Nos.  16-23.) 

During  the  year  the  experimental  activities  have  been  centered  at  the 
Alpine  and  Desert  Laboratories,  while  major  projects  have  been  under 
investigation  at  Santa  Barbara  and  Berkeley,  California,  and  at  Lincoln, 
Nebraska.  The  Petran  and  Sierran  transects  for  experimental  transplanting 
have  been  continued,  and  a  new  series  established  in  northern  Arizona.  The 
stations  for  grazing  research  have  been  maintained  in  both  southern  and 
northern  Arizona,  and  new  exclosures  have  been  added  to  take  account  of 
the  transition  to  the  Mohave  Desert.  A  six  months'  visit  to  the  chief  Euro- 
pean herbaria  was  necessitated  by  the  progress  made  on  the  monographs  of 
Haplopappus  and  the  Madinse,  and  advantage  was  taken  of  this  to  consult 
and  photograph  the  types  of  other  genera  to  be  monographed  in  the  near 
future. 

Field  excursions  by  members  of  the  staff  and  collaborators  were  both  more 
numerous  and  extended  than  heretofore.  Three  of  these  traversed  much  of 
California  and  adjacent  Nevada,  and  two  dealt  with  grazing  and  other  bio- 
ecological  problems  throughout  northern  Arizona.  Similar  expeditions 
through  the  mixed  prairie  and  mountain  climaxes  of  central  and  southern 
Colorado  were  concerned  with  the  relations  of  mammals,  reptiles,  and  in- 
sects in  particular  to  the  vegetation  units.  Studies  of  forest  and  grassland 
in  eastern  Texas  and  of  coastal  swamp  and  prairie  were  extended  southward 
to  the  Rio  Grande  and  westward  to  the  Chisos  Mountains  and  the  Staked 
Plains.  In  the  East  the  coastal  savannah  of  North  Carolina  has  been  the 
subject  of  a  comprehensive  investigation,  devoted  not  merely  to  the  measure- 
ment of  the  effective  factors  and  plant  responses,  but  also  to  the  successional 
relations  between  it  and  the  deciduous  forest  climax. 

EXPERIMENTAL  EVOLUTION. 

The  various  projects  in  Ecological  Research  have  been  so  organized  and 
correlated  during  the  past  year  or  two  as  to  reveal  their  essential  interde- 
pendence and  to  emphasize  their  inherently  dynamic  nature.  These  were 
the  dominant  themes  of  both  Research  Methods  in  Ecology  (1905)  and  Plant 
Succession  (1916),  but  they  may  have  sometimes  been  obscured  by  the  mass 
of  detail,  thus  failing  to  convey  the  clearest  picture  of  the  basic  and  universal 
role  of  functional  change.  To  render  such  misconceptions  impossible  in  the 
future,  it  appears  desirable  to  employ  the  term  evolution  in  its  funda- 
mental though  less  usual  sense  to  denote  the  developmental  changes  of  habi- 
tat, individual  and  community,  as  well  as  of  species.  The  completely  dy- 
namic nature  of  all  this  is  again  stressed  by  the  word  experimental,  signifying 
that  all  the  basic  and  hence  adequate  modes  of  attack  inhere  in  experiment 
alone.  This  is  not  intended  to  lessen  the  value  of  the  normal  course  of  devel- 
opment as  a  background  for  experimental  procedure,  but  merely  to  restrict 
it  to  its  proper  subordinate  role.  The  paramount  values  are  to  be  obtained 
only  from  natural  experiments  in  which  factor  and  response  are  measured, 
and  from  induced  ones  in  which  the  whole  process  of  change  is  under  control. 

Thus,  the  objectives  of  experimental  evolution,  in  the  sense  here  regarded 
as  most  logical  and  significant,  are  the  habitat,  the  individual,  the  species, 
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and  the  community  or  biome,  each  conceived  as  the  seat  of  constant  change. 
These  four  objectives  are  correlated  in  the  most  intimate  fashion,  the  habitat 
being  the  motive  force  in  control  of  the  other  three,  and  these  being  different 
expressions  of  the  life-stream  rather  than  distinct  entities.  The  changes 
involved  differ  in  every  possible  degree,  in  rank,  and  in  significance.  Some 
are  basic,  some  secondary,  and  many  are  trivial,  to  be  taken  into  account  only 
in  the  most  detailed  of  local  studies.  However,  all  have  their  place  in  a 
complete  and  exhaustive  research,  and  the  chief  task  of  the  latter  is  to  assign 
to  each  its  properly  coordinated  position  and  to  determine  its  real  significance 
in  the  cycle  of  cause  and  effect.  In  reality,  there  are  two  fairly  distinct  cycles 
of  development,  the  one  marked  by  the  recurring  changes  of  the  year,  the 
individual,  or  the  sere,  and  the  other  by  the  divergent  changes  typical  of 
evolution  in  the  strict  sense.  As  a  matter  of  fact,  the  one  is  imposed  upon  the 
other,  and  the  differences  are  rather  those  of  time  and  direction  than  of 
amount  and  quality.  At  any  one  time,  the  trivial  changes  exceed  in  number 
the  directive  ones,  often  very  greatly,  and  the  proper  research  perspective 
is  to  be  obtained  only  by  relegating  these  to  a  subordinate  position,  thus 
permitting  the  cause  and  effect  relations  of  the  major  processes  to  emerge 
with  the  utmost  clarity.  It  also  discloses  the  essential  fact  that  no  function 
or  process  is  without  periods  of  marked  or  even  complete  stasis,  at  least  so 
far  as  evolutionary  change  is  concerned. 

The  most  logical  arrangement  of  the  four  major  objectives  is  that  already  indi- 
cated, namely,  the  evolution  of  habitat,  individual,  species,  and  community, 
but  the  evolution  of  the  species  is  so  much  more  familiar  that  it  seems  desira- 
ble to  give  it  first  place  in  the  following  account.  The  changes  of  the  habitat 
are  not  ecologically  separable  from  the  functional  responses  they  produce,  and 
the  two  are  considered  together  under  factor  and  function.  The  development 
of  the  community  comes  in  the  proper  sequence  under  "Succession  and 
Climax,"  but  for  the  sake  of  emphasis  separate  accounts  are  given  of  the 
projects  in  "Bio-ecology"  and  "Paleo-ecology."  To  avoid  misunderstanding 
it  should  be  recognized  that  these  terms  are  used  merely  to  emphasize  the 
unity  of  ecology  and  not  at  all  to  denote  separate  fields. 

Research  upon  the  evolution  of  the  species  is  organized  under  five  major 
projects,  namely,  ecogenesis,  morphogeny,  transplants,  phylogeny,  and  ex- 
perimental taxonomy.  All  of  these  are  intimately  related,  but  differ  in 
methods  and  objectives.  The  first  is  the  most  inclusive  and  might  well  com- 
prise the  other  four  in  large  measure,  though  for  the  present  it  seems  best  to 
restrict  it  chiefly  to  the  origin  and  fixation  of  new  forms. 

Ecogenesis,  by  F.  E.  Clements. 

Ecogenesis  has  been  employed  for  several  years  past  as  the  comprehensive 
term  for  the  origin  of  new  forms  by  the  ece  or  environment  and  is  now  pro- 
posed for  general  use  in  this  connection.  It  is  formed  from  okoyevris,  born 
in  the  house,  in  which  the  two  familiar  Greek  roots  appear.  It  is  uniquely 
appropriate  for  designating  all  evolution  in  which  the  motive  force  is  derived 
from  the  environment,  and  may  well  prove  to  include  the  origin  of  all  new 
forms,  since  in  the  last  analysis  the  three  chief  factors  in  hybridization — wind, 
bees,  and  man — must  be  regarded  as  ecial  factors.  While  this  view  has 
much  in  common  with  that  of  Lamarck  and  of  Waagen,  and  their  followers, 
notably  the  paleontologists,  it  differs  especially  in  its  endeavor  to  harmonize 
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all  known  processes  of  change  on  the  sole  basis  of  ecological  measurement  and 
experiment.  It  was  first  advanced  as  the  result  of  field  and  control  cultures 
in  Research  Methods  in  Ecology  (1905)  and  further  elaborated  in  1907  and 
19081.  Since  this  time  it  has  afforded  the  basis  for  an  increasingly  effective 
attack  upon  the  problems  of  evolution  in  the  field,  and  has  led  irresistibly 
to  the  thesis  that  all  new  forms  arise  out  of  the  environment  as  the  proximate 
or  remote  cause,  a  probability  admitted  by  even  the  greatest  opponents  of 
adaptation,  Weismann  and  De  Vries. 

It  was  early  discovered  that  the  origin  of  species  did  not  constitute  a 
definite  objective,  since  the  species  of  manual  and  monograph  proved  to 
be  of  every  possible  rank  and  value,  and  always  without  experimental  and 
objective  warrant.  As  a  consequence,  the  primary  objectives  were  defini- 
tized  as  the  origin  of  new  forms  of  every  degree,  fixation,  constancy,  and  re- 
versibility. By  fixation  is  understood  the  accumulation  of  a  new  habit  or 
response  until  it  becomes  hereditary,  while  constancy  is  restricted  to  the 
range  of  variation  within  the  group  of  individuals.  Reversibility  is  in  large 
measure  a  corollary  of  fixation,  since  it  deals  with  the  causes  and  processes 
by  which  a  character  may  be  lost  or  regained.  In  the  experimental  analysis, 
it  has  been  a  distinct  advantage  to  keep  each  objective  separate  from  the 
others  in  so  far  as  possible.  Thus,  origin  is  not  dependent  upon  fixation, 
though  constancy  may  be  to  some  extent  a  measure  of  the  latter. 

The  constant  endeavor  throughout  this  long  series  of  experiments  has  been 
to  render  the  methods  as  exhaustive  and  the  attack  as  complete  as  possible, 
in  the  fullest  realization  of  the  fact  that  much  evolutionary  effort  has  been 
misdirected  by  reason  of  a  partial  view-point.  No  conceivable  agent  of 
change  has  been  neglected,  from  the  whole  round  of  physical  factors  through 
food,  hormones,  enzymes,  etc.,  to  parasites,  animals,  and  man,  and  both 
factor  and  function  have  been  objects  of  detailed  measurement  or  definite 
control.  Experiments  have  been  carried  out  consistently  in  the  native  habi- 
tat and  these  have  been  so  correlated  with  the  numerous  natural  experiments 
in  a  rugged  mountain  region  as  to  leave  no  question  of  their  essential  identity. 
The  number  of  control  and  induced  experiments  out-of-doors  has  steadily 
increased  and  has  yielded  a  harvest  of  illuminating  results.  This  has  brought 
about  the  installation  of  a  comprehensive  series  of  gardens  both  in  Cali- 
fornia and  Colorado,  designed  to  test  the  entire  sequence  of  agents,  methods, 
and  processes.  These  are  known  as  climatic  or  transplant,  adaptation  and 
control  gardens,  the  latter  divided  into  factor,  mutation,  genetic,  reversion, 
and  hybridization  gardens,  the  last  dealing  with  the  production  of  hybrids 
under  natural  conditions.  A  detailed  account  of  these  is  impossible  in  the 
present  space,  but  each  has  demonstrated  itself  to  be  an  intrinsic  part  of 
the  general  experimental  analysis. 

The  past  year  has  yielded  a  considerable  number  of  new  forms  in  which  the 
departure  is  often  as  great  as  the  difference  between  accepted  and  apparently 
valid  species,  and  in  some  cases  is  much  greater,  exceeding  that  of  genera  or 
even  families.  The  most  signal  success  in  producing  an  exact  duplicate  of 
an  existing  species  from  its  assumed  ancestor  has  been  the  conversion  of 
Phleum  pratense  into  P.  alpinum  by  means  of  the  water  transect.     An  eco- 

1  F.  E.  Clements,  Plant  physiology  and  ecology,  1907;  The  origin  of  new  forms  by  adaptation, 
Science,  25 :  287;  The  causes  of  dwarfing  in  alpine  plants,  lb;  An  ecologic  view  of  the  species  concept, 
Am.  Nat.  42:  253,  1908. 
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logical  study  of  these  made  it  probable  that  all  the  distinctive  features  of  the 
latter  were  due  to  water  rather  than  altitude  directly,  and  hence  pratense 
was  transplanted  into  several  stages  of  the  water  transect  to  test  this.  The 
reciprocal  test  is  also  under  way,  but  from  the  very  nature  of  the  transfer  will 
doubtless  require  a  longer  period.  Three  California  species  of  Phacelia  have 
also  yielded  striking  results  under  the  stimulus  of  drouth  or  competition. 
Two  related  species,  P.  whitlavia  and  parryi,  have  produced  new  forms  more 
unlike  the  parent  in  practically  all  respects  than  the  two  species  are  unlike 
each  other,  while  the  third,  P.  grandiflora,  has  redeveloped  into  a  form  little 
different  from  P.  viscosa,  confirming  Gray's  view  that  the  former  is  merely  a 
variety  of  the  latter.  Campanula,  Erigeron,  Epilobium,  Geranium,  Smilacina, 
Achillea,  Gaillardia,  and  others,  have  likewise  yielded  results  of  great  interest 
and  significance. 

Further  evidence  has  been  amassed  which  strongly  supports  the  view 
earlier  enunciated  (Clements1,  1905, 1907)  that  variation  and  mutation,  with 
the  exception  of  hybrid  mutants,  are  only  forms  of  adaptation,  and  are  due  to 
the  direct  or  indirect  impact  of  the  environment.  In  spite  of  this,  these 
subprocesses  differ  sufficiently  in  detail  to  warrant  recognition  and  their 
results,  designation.  This  involves  little  or  no  change  in  the  terms  heretofore 
applied  to  the  end-products  of  the  several  processes,  but  does  render  it  de- 
sirable to  coordinate  them  more  exactly.  Variad  is  still  used  in  the  original 
sense  to  include  all  new  forms  of  whatsoever  rank  or  method  of  origin,  and 
thus  comprises  all  the  others.  Variads  are  divided  into  ecads  and  hybrids, 
the  former  the  result  of  more  or  less  direct  and  evident  adaptation  to  the 
habitat,  and  the  latter  of  factors  that  lead  to  the  mixing  of  two  different 
germ-plasms.  Ecads  proper  make  up  by  far  the  greater  number  of  strikingly 
different  forms  found  or  produced  in  nature  in  the  course  of  the  present  re- 
searches, while  the  related  variants  and  mutants  are  fewer  in  number,  less 
marked  in  departure,  and  less  clearly  connected  with  the  efficient  factors. 
However,  much  evidence  has  been  obtained  to  show  that  ecial  mutants  are 
produced  by  direct  factors  operating  through  the  nutrition  stream  to  the 
different  organs.  The  difference  between  variant  and  mutant  in  the  eco- 
logical sense  is  little  more  than  one  of  degree,  though  it  appears  that  the 
former  is  caused  by  minute  factor  dosages  acting  directly.  The  term  hybrid 
is  employed  in  the  current  sense,  while  that  of  "hybrid  mutant"  has  proved 
useful  in  discriminating  between  hybrids  in  the  general  Mendelian  sense  and 
those  due  to  a  disturbance  of  the  mitotic  process  arising  out  of  hybridization. 

Experimental  Morphogeny,  by  F.  E.  Clements  and  E.  S.  Clements. 

This  term  is  intended  to  include  not  only  experimental  morphology,  which 
owes  its  organization  chiefly  to  Goebel2  (1900,  1908),  but  especially  also  the 
fields  of  correlation  and  teratogeny  which  have  received  much  less  experimen- 
tal attention.  Under  the  name  of  teratology,  a  vast  number  of  pelories  and 
other  monstrosities  have  been  described  and  classified,  but  no  thought  has 
been  given  to  the  ecological  study  of  these.  The  study  of  the  causal  relations, 
the  measurement  of  factor  and  function,  the  intimate  physiology  of  cell  and 
tissue,  the  artificial  duplication  of  natural  monstrosities  as  well  as  the  induc- 

1  F.  E.  Clements,  Research  methods  in  ecology,  1905. 

2  K.  Goebel,  Organography  of  plants,  part  I,  1900;  Einleitung  in  die  experimentelle  Morphologie 
der  Pflanzen,  1908. 
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tion  of  new  ones,  and  the  evolutionary  and  phylogenetic  significance  of  all 
this  have  been  too  largely  ignored.     In  the  present  investigation  an  attempt 
has  been  made  to  coordinate  the  several  objectives,  refine  and  extend  the 
various  methods,  and  to  utilize  experiment  and  measurement  as  the  two 
fundamental  principles.     Natural  experiments  take  an  essential  role  in  this 
along  with  control  and  induced  ones,  while  an  adequate  background  demands 
the  study  of  the  normal  morphology  of  a  large  number  of  species  and  genera 
peculiar  to  the  New  World.     For  a  number  of  reasons,  the  experimental 
attack  has  been  focused  chiefly  on  the  flower  and  fruit.     This  not  only  yields 
results  of  paramount  significance  for  evolution  and  phylogeny,  but  it  likewise 
opens  up  the  whole  field  of  somatic  and  genetic  correlations  and  thus  permits 
the  causal  comparison  of  the  two  great  sets  of  factors,  ecial  and  physiological. 
In  consequence,  the  materials  selected  for  the  present  series  of  investi- 
gations have  been  chiefly  native  annual  and  perennial  herbs  of  considerable 
vigor  of  growth .     These  have  been  chosen  in  such  a  way  as  to  represent  the 
great  ecological  groups  of  choripetalous  and  gamopetalous,  and  of  insect  and 
wind  pollinated  flowers,  with  an  especial  predilection  for  those  in  which  parts 
have  been  greatly  transformed  or  lost.     Every  conceivable  factor  has  been 
employed  to  produce  abrupt  and  striking  modification,  from  overdoses  of 
habitat  factors  on  the  one  hand  to  the  injection  of  various  solutions  on  the 
other,  foods,  enzymes  and  hormones  being  most  favored  because  of  their 
direct  relation  to  metabolism.     Excision  has  been  one  of  the  most  effective 
of  methods,  though  results  have  been  secured  from  all  those  that  produce 
hypertrophy  or  hypotrophy.     Vigorous  growth  has  usually  proved  to  be  an 
essential,  and  for  this  reason  plants  just  budding  have  yielded  better  results 
than  those  in  full  flower.     This  probably  also  explains  the  greater  success 
with  cultivated  species  and  with  free  individuals  rather  than  those  in  compe- 
tition groups.     The  basic  significance  of  nutrition  in  practically  all  cases  is 
shown  by  the  fact  that  drouth,  competition,  rust,  aphids,  or  constriction  of  the 
stem  may  be  employed  to  produce  essentially  the  same  effect. 

More  than  a  dozen  genera  have  afforded  results  of  fundamental  value, 
but  the  composites  have  been  first  among  these,  probably  because  of  their 
greater  specialization  and  corresponding  opportunity  for  reversal.  The 
artificial  production  of  hypertrophy  in  Helianthus  annuus  caused  the  appear- 
ance of  a  raceme  of  small  heads  in  place  of  a  single  large  one,  the  reduction  of 
the  imbricated  involucre  to  a  single  row  of  bracts  and  the  complete  loss  of  the 
rays.  In  Gaillardia,  hypotrophy  resulted  in  the  elongation  of  the  receptacle, 
the  loss  of  ray-florets,  the  separation  of  the  bracts  and  the  development  of  a 
disk-floret  in  the  axil  of  each  and  the  change  of  the  fringed  chaff  into  herba- 
ceous bracts.  The  most  thoroughgoing  transformation  was  obtained  in  a 
native  species,  Agoseris  aurantiaca,  which  yielded  a  complete  series  from 
plants  with  normal  heads  to  those  in  which  the  florets  exhibited  a  greenish 
paleaceous  calyx,  a  setose  corolla,  an  abortive  stamen  ring  and  an  enormously 
elongated  style  and  achene.  In  such  plants,  the  latex  was  totally  absent,  a 
significant  departure  from  the  universal  rule  in  Cichoriese. 

While  Goebel1  is  correct  in  stating  "that  it  is  impossible  to  frame  a  gener- 
ally applicable  definition  of  the  notion  of  malformation"  (1900:  179),  a  good 
working  basis  is  afforded  by  the  view  of  Darwin2  (1859)  that  a  monstrosity  is 

1  K.  Goebel,  Organography  of  plants,  part  I,  1900. 

2  C.  Darwin,  Origin  of  species,  1859. 
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marked  by  some  considerable  deviation  in  structure,  and  of  Moquin-Tandon 1 
(1841)  that  it  consists  of  any  extraordinary  deviation  in  the  formation  or  devel- 
opment of  organs,  irrespective  of  any  influence  upon  health.  Goebel  con- 
siders that  malformations  are  necessarily  connected  with  disease,  and  Darwin 
regarded  them  as  generally  injurious  or  at  least  not  useful.  This  is  obviously 
a  matter  to  be  determined  in  each  instance,  and  it  already  appears  certain 
that  many  induced  malformations  are  neither  harmful  nor  useless. 

The  lack  of  a  brief,  definite,  and  significant  term  for  abnormal  structures 
has  led  to  the  use  of  "terad,"  from  the  short  stem  of  repas,  a  monster.  This 
has  the  further  advantage  of  combining  readily  to  permit  the  accurate  desig- 
nation of  the  many  different  types. 

Transplant  Experiments,  by  F.  E.  Clements,  H.  M.  Hall,  W.  T.  Penfound, 

and  H.  L.  Mason. 

After  seven  years  of  application,  the  values  and  limitations  of  the  trans- 
plant method  have  become  sufficiently  evident  to  permit  its  utilization  on  a 
more  definite  basis.  The  three  original  objectives  of  this  project  were  (1) 
to  determine  the  extent  to  which  species  and  their  variads  could  be  modified 
by  habitat  factors;  (2)  to  test  the  nature  and  value  of  the  criteria  employed 
in  taxonomy;  and  (3)  to  contribute  to  a  knowledge  of  the  role  of  environ- 
ment in  evolution.  The  paramount  advantage  of  the  method  lies  in  the 
fact  that  it  makes  use  of  native  material  alone  and  under  field  conditions, 
so  that  the  results  are  essentially  natural  in  all  respects  and  can  be  applied 
without  interpretation  or  discount.  One  serious  disadvantage  lies  in  the 
fact  that  the  transfer  of  adult  plants  is  arduous  and  time-consuming,  the 
mortality  is  high,  and  the  response  to  new  habitats,  unless  very  extreme, 
often  slow  or  imperceptible.  From  the  standpoint  of  evolution,  the  handi- 
caps are  even  greater,  since  the  number  of  individuals  is  small,  the  control 
incomplete,  and  opportunities  inadequate  or  lacking  for  the  necessary  meas- 
urements of  factor  and  function  along  a  transect  of  many  miles  in  length. 

In  the  attempt  to  remove  or  minimize  these  drawbacks,  a  number  of  new 
methods  have  been  developed  during  the  current  season.  These  have  been 
worked  out  at  the  Alpine  Laboratory  where  the  shortness  of  the  Petran 
transect  and  the  presence  of  plant-houses  made  the  growth  and  transport  of 
seedlings  feasible,  but  they  are  applicable  wherever  distances  are  not  pro- 
hibitive. They  are  all  designed  to  avoid  the  difficulties  inherent  in  adult 
transfer  in  varying  degree  and  at  the  same  time  imitate  natural  processes  as 
closely  as  possible.  The  new  methods  are  four  in  number:  (1)  Sowing  in 
natural  or  prepared  seed-spots  in  native  habitats  with  screen  protection 
against  rodents  and  birds;  (2)  sowing  in  flats  and  growing  the  seedlings  in 
pots  until  both  plant  and  habitat  offer  the  best  conditions  for  successful 
transplanting;  (3)  transferring  native  seedlings,  rosettes,  and  other  juvenile 
forms  to  large  pots  out-of-doors  and  allowing  them  to  become  well-estab- 
lished before  planting  out;  (4)  transplanting  adults,  in  full  bloom  and  after 
the  flower  characters  are  evident,  to  large  containers  and  placing  these 
in  cold  mountain  brooks  in  shade  until  readjustment  is  complete.  By  the 
proper  combination  of  these  methods  in  the  case  of  any  species,  it  has  proved 
possible  to  insure  abundance  of  individuals,  a  high  degree  of  survival,  a 

1  H.  Moquin-Tandon,  Elements  de  teratologic  vegetale,  1841. 
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much  more  rapid  rate  of  adaptation,  and  a  marked  reduction  in  the  expendi- 
ture of  time  and  energy. 

Although  the  almost  exclusive  use  of  adult  plants  up  to  the  present  season 
has  resulted  generally  in  slow  adaptation  and  a  relatively  high  mortality, 
a  considerable  number  of  striking  modifications  have  been  produced.  Some 
of  these  have  approximated  species  recognized  in  the  manuals  and  others 
have  yielded  new  forms  of  marked  divergence  from  the  parent  type.  All 
told,  there  are  now  about  2,500  survivors  in  California  and  Colorado,  repre- 
senting 500  perennial  forms  (species,  subspecies,  and  minor  variations). 
Even  where  no  striking  change  has  been  produced,  the  majority  of  the  trans- 
plants have  supplied  valuable  evidence  as  to  stability  and  constancy.  Some 
forms,  regarded  as  of  specific  rank  by  some  systematists,  have  changed 
immediately;  others,  though  not  considered  to  be  species,  have  retained  their 
features  tenaciously.  It  is  possible  that  the  latter  may  be  modified  by  a 
longer  exposure  to  the  present  environment  or  by  increasing  the  dosage. 
However,  their  relative  fixity  indicates  their  importance  as  phylogenetic 
units. 

Among  reciprocal  transplants,  Geranium  ccespitosum  and  richardsoni  have 
exchanged  practically  all  their  characters,  the  cut  of  the  leaf  proving  the 
most  stable,  while  sun  transplants  of  Erigeron  glabellus  are  all  but  indis- 
tinguishable from  native  E.  macranthus  on  the  same  slope.  The  alpine  forms 
of  Campanula  rotundifolia,  Achillea  millefolium,  and  Gentiana  amarella  have 
been  duplicated  in  dry  habitats  6,000  feet  lower.  With  an  increased  holard, 
the  spicate  inflorescence  of  Hemizonia  clevelandi  changed  to  a  paniculate  one 
as  in  H.  luzulcefolia,  while  optimum  soil  conditions  produced  a  similar  modi- 
fication in  Haplopappus  racemosus. 

Experiments  of  a  single  season,  but  repeated  under  five  sets  of  ecologic 
conditions,  show  that  the  maroon  blotch  on  the  ligules  of  Madia  elegans  is 
heritable  and  that  its  presence  is  dominant  to  its  absence.  Hence,  colonies 
of  pure  yellows  are  homozygous  recessives;  some  colonies  of  maroons  are 
homozygous  maroons;  and  mixed  colonies  are  composed  of  homozygous 
recessives  (pure  yellow),  homozygous  dominants  (maroon),  and  heterzygous 
plants  (maroon).  The  experiments  leading  to  these  conclusions  will  be  pre- 
sented elsewhere.1 

Experimental  Phylogeny. 

The  progress  made  during  the  year  in  ecogenesis,  morphogeny,  and  ex- 
perimental taxonomy  has  rendered  possible  a  similar  advance  in  the  experi- 
mental determination  of  phylogenetic  relationships.  Indeed,  all  of  the  exper- 
iments in  these  fields  contribute  directly  to  the  latter,  the  sole  difference  being 
in  their  application.  The  general  objective  of  this  group  of  projects  is  to 
test  the  validity  of  current  principles  of  phylogeny  and  classification  and  to 
discover  new  ones.  One  of  the  most  significant  results  in  this  connection 
has  been  the  demonstration  that  reversibility  is  a  common  and  probably 
universal  phenomenon,  irreversibility  being  primarily  a  matter  of  the  time- 
element  in  fixation.  The  special  objectives  of  the  first  importance  are  the 
further  development  of  the  natural  system  on  an  experimental  and  objective 
basis,  the  evolution  and  differentiation  of  the  two  most  highly  specialized 

1  E.  B.  Babcock  and  H.  M.  Hall,  Hemizonia  congesta,  a  genetic,  ecologic  and  taxonomic  study  of 
the  hay  field  tarweeds,  Univ.  Calif.  Pub.  Bot.  13:  15,  1924. 
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groups  of  plants,  the  composites  and  the  grasses,  and  the  phylogeny  of  sec- 
tions and  species  as  represented  by  two  large  and  widespread  genera  of  these 
groups,  viz.,  Haplopappus  and  Stipa. 

The  Natural  System,  by  F.  E.  Clements. 

The  experimental  scrutiny  of  the  principles  of  phylogeny  and  classification 
has  been  directed  chiefly  toward  the  doctrine  of  irreversibility,  the  sequence 
of  primary  changes,  and  the  comparative  efficiency  of  wind  and  insect  pol- 
lination. With  respect  to  the  first,  it  has  been  found  that  reversion  can  be 
effected  experimentally  in  a  large  number  of  characters,  often  of  the  first 
importance,  though  the  greatest  success  has  so  far  been  obtained  with  rela- 
tively recent  modifications,  such  as  mark  the  composites.  Experimental 
proof  of  the  sequence  of  primary  changes  is  naturally  a  matter  of  greater 
difficulty,  since  the  time  intervals  must  be  largely  inferred  from  differences  in 
rate  or  intensity.  On  the  other  hand,  it  has  been  increasingly  simple  to 
measure  the  efficiency  of  pollen  transfer  and  seed  production  in  the  various 
types  of  wind  and  insect  pollinated  flowers  and  thus  to  further  demonstrate 
that  it  is  misleading  and  inaccurate  to  term  the  former  degenerate. 

The  methods  of  experiment,  statistic,  and  phyletic  charts  have  been  com- 
bined in  the  investigation  of  three  groups  of  special  problems,  all  of  them 
indispensable  to  the  main  objective.  These  are  (1)  the  degree  of  continuity 
between  families  or  orders  as  at  present  constituted;  (2)  the  position  of 
families  referred  to  two  or  more  orders;  (3)  the  ancestral  phyla  of  such  great 
terminal  groups  as  composites,  mints,  grasses,  and  palms.  The  statistical 
results  obtained  from  comparative  morphology  has  been  expressed  in  a 
fixed  formula,  which  promotes  the  construction  of  objective  phyletic  charts, 
within  the  present  limitations  of  the  guiding  principles  employed.  Such 
charts  furnish  the  lines  of  descent  to  be  tested  by  experiment;  this  may  then 
confirm  the  morphological  evidence  or  may  suggest  new  phyletic  connections 
on  the  one  hand  or  the  modification  of  some  principle  on  the  other.  This  is 
well  illustrated  by  the  tribe  Helianthege,  which  the  comparative  method 
designates  as  the  primitive  group  of  the  composites.  This  view  is  supported 
by  the  artificial  production  in  Helianthus  of  small  rayless  heads  with  uni- 
seriate  involucre  and  herbaceous  chaff,  and  in  turn  these  results  suggest 
the  proper  orientation  of  the  genera  within  the  tribe. 

The  application  of  this  combined  method  to  the  problem  of  the  detailed 
origin  of  terminal  and  hence  most  recent  groups  has  yielded  results  of  the 
greatest  promise,  not  only  in  indicating  phyla  of  much  greater  probability, 
but  also  in  disclosing  points  for  further  experimental  attack.  As  a  conse- 
quence, it  has  proved  possible  to  construct  a  nearly  continuous  line  of  descent 
from  Liliacese  through  Juncacese  and  Cyperacese  to  the  grasses,  and  from 
Rubiacese  through  Goodeniaceae  and  Brunonia  in  particular  to  the  composites 
and  to  begin  the  task  of  subjecting  these  phyla  to  experimental  test. 

Evolution  of  Composites  and  Grasses,  by  F.  E.  Clements. 
Of  all  the  groups  of  flowering  plants,  the  composites  and  grasses  are  far  the 
most  satisfactory  for  phylogenetic  studies.  This  is  due  largely  to  the  appear- 
ance of  a  new  and  complex  structure,  the  head  or  spikelet,  which  has  fur- 
nished the  occasion  for  a  renewed  evolutionary  advance.  Because  of  the 
recent  and  far-reaching  differentiation,  the  comparative  method  attains  its 


ECOLOGY.  317 

greatest  success  with  these  two  groups.  By  means  of  the  generic  formula, 
all  the  genera  have  been  grouped  in  tables  by  tribe  and  subtribe  in  accordance 
with  their  degree  of  specialization.  From  these  have  been  constructed  a 
complete  series  of  phyletic  charts  for  each  subtribe  and  tribe,  as  well  as  for 
the  family  itself,  in  which  the  continuity  between  groups  is  practically  as 
great  as  within  them.  For  the  composites  this  method  leaves  no  doubt  as 
to  the  primitive  nature  of  the  Heliantheae  and  the  origin  of  all  the  other  tribes 
from  it.  The  three  major  phyla  terminate  in  the  Vernoniese,  Cichoriese,  and 
Ambrosiese;  the  latter  having  undergone  by  far  the  greatest  reduction,  are 
clearly  designated  as  the  most  advanced  tribe  of  the  family.  Similar  results 
have  been  obtained  with  the  grasses.  The  Bambuseae  are  obviously  the  most 
primitive,  followed  closely  by  the  much  more  widely  distributed  Festuceae. 
From  this  the  steady  reduction  of  the  spikelet  has  led  to  the  three  highest 
tribes,  Zese,  Agrostideae,  and  Chloridese. 

In  organizing  the  experimental  attack,  attention  has  been  centered  on  the 
critical  feature  that  marks  the  advance  to  the  next  tribe,  a  procedure  often 
attended  with  the  most  striking  success.  This  has  involved  the  plan  of  using 
strategic  genera  for  morphogenic  manipulation,  and  may  be  illustrated  by  the 
case  of  Gaillardia.  The  setose  receptacle  of  this  genus  at  once  suggests  that 
it  is  the  connecting  link  between  the  paleaceous  receptacle  of  the  Helian- 
theae and  the  naked  one  of  the  Heleniese,  this  difference  being  the  only  im- 
portant one  between  these  two  closely  related  tribes.  The  conversion  of  the 
setae  into  herbaceous  bracts  by  hypotrophic  induction  leaves  little  doubt 
of  the  origin  of  Gaillardia  and  hence  of  the  Helenieae  from  the  sunflowers, 
and  at  the  same  time  indicates  the  essential  sequence  in  the  evolution  of  the 
receptacular  bracts.  Further  evidence  of  the  primitive  nature  of  these 
two  tribes  is  afforded  by  the  development  of  disk-florets  in  the  axils  of  the 
bracts  of  the  involucre,  an  ancestral  condition  no  longer  found  in  normal 
composites. 

Much  light  has  been  thrown  on  the  evolution  of  the  corolla  and  its  phyletic 
significance  by  the  development  of  the  typical  5-toothed  corolla  of  Cichorieae 
from  disk-florets  of  Helianthus,  as  well  as  by  the  total  suppression  of  the  limb 
of  the  ligulate  floret  in  Agoseris.  The  most  significant  modifications  ob- 
tained have  been  the  conversion  of  the  capillary  pappus  of  the  latter  into  a 
paleaceous  one,  clearly  indicating  that  the  latter  is  primitive,  and  the  trans- 
formation of  the  corolla  into  setae,  further  indication  of  the  origin  of  pappus 
from  calyx. 

Phylogeny  of  Haplopappus,  by  H.  M.  Hall. 

Nowhere  have  the  phylogenetic  lines  been  more  confused  than  in  the 
Haplopappus  group  of  the  Compositae.  Here  the  classic  authorities  frankly 
abandoned  all  attempts  at  a  natural  classification  and  segregated  the  complex 
into  artificial  units.  Later  workers  have  improved  upon  this  by  organizing 
the  species  into  more  natural  groups,  often  designated  as  genera,  but  have 
given  little  or  no  clue  to  their  phyletic  connections.  The  present  problem 
is  to  determine  the  natural  relationships  of  these  groups  and  the  probabili- 
ties of  their  respective  origins. 

Among  the  criteria  previously  used  are  the  presence  or  absence  of  ray- 
flowers  and  of  pubescence  on  the  achenes.  Statistical  studies  now  demon- 
strate that  the  former  is  but  secondary  and  in  some  species  highly  variable, 
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the  number  of  ray-flowers  irregularly  fluctuating  from  5  to  0.  The  pubes- 
cence of  the  achenes  is  constant  for  most  species  but  varies  much  in  the 
amount,  especially  when  these  tend  to  be  glabrous.  The  shape  and  relative 
length  of  the  stylar  appendages  are  now  given  more  exact  value  through 
improved  mensural  and  statistical  methods.  The  best  features,  however, 
are  found  in  the  involucre.  The  nature,  shape,  and  size  of  this  structure  and 
the  arrangement  of  its  bracts  are  sufficiently  diverse  to  furnish  differentiating 
criteria  which  remain  nearly  constant  in  experimental  tests.  It  is  chiefly 
because  the  bracts  are  disposed  in  vertical  rows  that  Chrysothamnus  is  main- 
tained as  a  distinct  genus. 

In  Haplopappus  two  primary  phyla  are  traceable,  one  with  a  broad, 
many-flowered  involucre  of  loosely  imbricated  bracts,  the  other  with  a 
narrow  involucre  in  which  the  more  chartaceous  bracts  are  closely  imbri- 
cated. The  former  doubtless  represents  the  more  primitive  type,  as  far  as 
the  involucre  is  concerned,  and  includes  ten  sections,  Euhaplopappus,  Pyr- 
rocoma,  Macronema,  Sideranihus,  etc.  It  is  widely  distributed  in  both  North 
and  South  America.  The  group,  with  narrow  involucre,  comprising  Eri- 
cameria,  Hazardia,  Isocoma,  etc.,  appears  to  consist  of  highly  specialized 
types  suited  to  certain  exacting  conditions  of  western  North  America. 

The  secondary  phyla,  leading  to  the  section,  and  indeed  the  sections  them- 
selves, are  based  upon  combinations  of  characters  each  of  which  is  first  sub- 
jected to  both  experimental  and  statistical  tests,  as  far  as  this  is  possible. 
However,  it  is  often  necessary  to  rely  upon  comparative  morphology  and 
geographic  distribution,  and  in  all  cases  the  evidence  from  these  is  fully 
taken  into  account.  The  more  important  characters  are  shape  and  relative 
size  of  the  style-appendage,  shape  and  cut  of  leaf  (useful  for  Sideranthus 
but  breaking  down  under  experimental  tests  in  Pyrrocoma);  type  of  inflores- 
cence (constant  in  experiments  to  test  its  value  in  separating  Hazardia  from 
Isocoma  but  easily  modified  in  Pyrrocoma) ;  presence  of  resin-pits  in  Erica- 
meria  and  Tumionella;  nature,  color,  and  persistence  of  the  pappus. 

Experimental  Taxonomy. 
Monographs  of  Haplopappus  and  the  Madinoe,  by  H.  M.  Hall. 

These  groups  of  Composite  were  selected  for  study  in  view  of  the  confu- 
sion existing  in  their  present  classification  and  because  of  their  suitability 
for  illustrating  recently  developed  methods  in  phylogenetic  taxonomy.  More- 
over, they  are  well  adapted  to  the  application  of  experimental  and  statistical 
methods  of  investigation,  methods  which,  although  now  little  used,  un- 
doubtedly will  play  an  important  role  in  the  taxonomy  of  the  future  (Hall 
and  Clements,1  1923). 

Within  the  year  just  closed  many  of  the  large  herbaria  and  botanical 
libraries  of  the  eastern  United  States  and  Europe  have  been  visited.  Here 
the  original  or  type  specimens  of  each  species  has  been  critically  studied  in 
order  to  render  certain  the  identity  of  forms  under  observation  in  the  field 
and  undergoing  tests  in  field  and  garden  experiments.  The  examination 
of  these  herbaria  has  also  resulted  in  the  assembling  of  practically  all  of  the 
information  at  present  available  and  this  will  permit  of  a  treatment  not  only 

1H.  M.  Hall  and  F.  E.  Clements,  The  phylogenetic  method  in  taxonomy,  Carnegie  Inst. 
Wash.  Pub.  No.  326,  1923. 
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of  the  species  of  western  North  America,  where  most  of  the  work  has  been 
done,  but  also  of  those  from  other  parts  of  the  world. 

This  assembling  of  data  from  all  sources  has  not  been  heretofore  carried 
out  for  the  groups  under  consideration.  Early  specialists  at  Petrograd, 
Berlin,  Kew,  Geneva,  Paris,  and  Santiago  have  each  worked  with  specimens 
not  available  to  the  others  and  in  some  cases  even  the  earlier  publications 
were  not  consulted.  Through  a  synthesizing  process  it  is  now  possible  to 
preserve  the  values  bequeathed  by  each  of  these  workers,  to  eliminate  dupli- 
cate species,  and  by  a  study  of  intermediate  forms  to  lay  the  foundation  for  a 
classification  based  upon  natural  relationships.  Moreover,  a  study  of  the  South 
American  species  of  Haplopappus  has  resulted  in  a  better  understanding  of 
the  phylogeny  of  the  North  American  species  and  it  now  seems  possible, 
through  a  comparison  of  the  forms  of  the  two  continents,  to  draw  some  conclu- 
sions as  to  evolutionary  changes  and  geographic  distribution  in  past  times. 

Field  studies  have  been  prosecuted  especially  in  Nevada  and  adjacent 
parts  of  the  Great  Basin  area.  These  were  chiefly  for  the  working  out  of 
relationships  through  the  consideration  of  connecting  forms,  especially  as 
regards  their  comparative  morphology  and  geographic  distribution.  Living 
roots  of  all  perennial  forms  encountered  and  seeds  of  many  of  the  annuals 
have  been  assembled  as  a  basis  for  further  experimental  studies  in  the  trans- 
plant areas  and  gardens. 

The  manuscript  for  a  monograph  of  Haplopappus  now  covers  approx- 
imately one-half  of  the  species  and  the  remainder  will  be  covered  rather 
rapidly,  although  the  inclusion  of  the  South  American  species  may  cause 
some  delay.  It  is  planned  to  bring  this  to  an  early  conclusion  and  to  follow 
with  a  treatment  of  the  Madinae.  The  results  of  experimental  investigations 
now  in  progress  will  be  utilized  as  far  as  possible,  although  since  some  of 
these  are  of  long  duration,  certain  conclusions  may  need  modification  in  the 
light  of  final  results. 

Monographs  of  Erigeron,  Eriogonum,  Ceanothus,  and  Dodecatheon,  by 
H.  M.  Hall,  H.  E.  McMinn,  and  H.  L.  Mason. 

The  use  of  experimental  methods  in  taxonomy  requires  long  periods  of 
time.  It  is  therefore  necessary  to  plan  the  monographs  well  in  advance. 
This  permits  not  only  the  assembling  of  material  for  the  experiments  them- 
selves, but  also  the  collecting  of  specimens  for  herbarium  study  and  for  the 
working  out  of  statistical  tables  and  the  limits  of  geographic  distribution. 
Some  twenty  genera  have  been  selected  for  such  detailed  investigation  and 
noteworthy  progress  has  been  made  in  regard  to  those  enumerated  in  the 
foregoing  caption. 

Evidence  obtained  from  experiment  indicates  that  the  inflorescence  in 
some  species  of  Erigeron  and  Eriogonum  is  easily  modified  by  ecologic  means. 
A  few  species  of  these  genera  enter  into  the  transplant  experiments  and  it  is 
planned  greatly  to  increase  the  number  as  soon  as  better  facilities  can  be 
provided,  both  because  of  the  taxonomic  values  thus  obtained  and  the  bear- 
ing of  the  results  upon  certain  phases  of  the  problem  of  evolution.  In  the 
meantime  studies  have  been  made  of  type  specimens  in  European  herbaria, 
especially  of  Erigeron,  and  both  genera  are  receiving  attention  in  the  field. 

The  genus  Ceanothus,  a  group  of  American  shrubby  plants,  many  of  which 
are  of  ornamental  value,  is  hence  of  especial  interest.     A  tentative  scheme 
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of  classification  has  been  prepared,  based  upon  much  observation  in  the  field 
and  the  detailed  study  of  life-histories  of  many  of  the  forms.  About  23 
species  out  of  a  total  of  perhaps  45  are  now  growing  on  the  campus  of  Mills 
College,  where  they  have  been  brought  together  for  the  purposes  of  these 
studies,  the  results  of  which  will  ultimately  appear  in  monographic  form. 

The  species  of  Dodecatheon  are  not  numerous,  but  the  exact  relationships 
of  these  and  of  the  numerous  subspecies  and  minor  variations  has  greatly 
perplexed  the  systematists.  These  have  been  investigated,  particularly  by 
the  transplant  method,  during  the  past  four  years.  They  are  especially 
suited  to  such  experiments  and  many  valuable  data  are  being  obtained 
through  the  application  of  this  method.  For  example,  it  now  seems  probable 
that  some  of  the  dwarf  forms  are  hereditary,  while  certain  other  dwarfs  are 
mere  modifications.  Leaf-shape  appears  modifiable,  leaf-size  and  the  habit 
of  the  leaf  are  certainly  so,  but  pubescence  is  less  easily  changed,  if  at  all, 
by  changes  in  the  environment.  A  monographic  revision  of  the  genus  is  in 
preparation. 

FACTOR  AND  FUNCTION. 

In  connection  with  the  following  projects,  it  is  again  desirable  to  emphasize 
the  necessary  unity  between  habitat  and  response,  between  factor  and  func- 
tion as  the  basic  clue  to  the  development  and  evolution  of  the  individual. 
For  purposes  of  thoroughgoing  analysis  this  emphasis  may  be  shifted 
from  one  to  the  other  as  occasion  demands,  but  the  continuity  of  the  process 
itself  must  never  be  lost  to  view.  This  will  explain  also  why  some  projects 
take  their  designation  from  the  factor  and  others  from  the  function.  Even 
where  the  title  may  at  one  time  refer  to  the  static  aspect  of  the  problem, 
this  is  only  because  of  the  need  for  extensive  work,  and  the  true  dynamic 
objectives  emerge  in  due  time. 

Evolution  of  the  Habitat,  by  F.  E.  Clements. 

The  developmental  concept  of  the  habitat  was  first  advanced  in  Plant 
Succession  (1916:  357),  and  has  been  adopted  in  part  at  least  by  Yapp1  (1922). 
In  the  decade  that  has  elapsed,  it  has  become  certain  that  the  dynamic 
treatment  of  individual,  species,  and  community  demands  a  similar  attitude 
toward  the  habitat.  The  latter  is  thus  regarded  as  marked  by  development 
in  the  same  way  that  the  climax  formation  is.  This  brings  the  concepts  of 
habitat  and  formation  into  complete  harmony,  and  renders  it  desirable  to 
distinguish  clearly  between  climax  and  serai  habitats.  In  this  view,  the 
climax  habitat  is  the  plexus  of  physical  factors  and  biotic  reactions  that 
persists  in  a  climax  area  as  long  as  the  climate  remains  essentially  unchanged, 
as  measured  in  terms  of  vegetation.  It  exhibits  a  progressive  development 
all  its  owiij  but  similar  to  that  of  the  climax  and  in  the  closest  contact  with 
it  at  all  points.  It  displays  a  sequence  of  developmental  stages  or  serai 
habitats,  determined  by  the  associes  of  the  sere  and  hence  capable  of  exact 
study.  The  recognition  and  classification  of  habitats  thus  becomes  an 
objective  matter,  and  enables  one  to  measure  and  delimit  them  with  an 
accuracy  and  definiteness  heretofore  impossible. 

Although  the  term  habitat  is  deeply  rooted  in  the  practice  of  plant  ecolo- 
gists,  it  has  been  little  employed  by  zoo-ecologists  and  has  been  variously 

JR.  H.  Yapp,  The  concept  of  habitat,  Jour.  Ecol.  10:  13,  1922. 
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used  by  systematists  and  students  of  distribution.  It  does  not  lend  itself 
to  either  composition  or  derivation,  and  has  become  domiciled  in  few  foreign 
tongues.  Its  sole  English  synonym  is  environment,  which  suffers  from  the 
laxness  of  daily  usage.  All  of  these  reasons  have  emphasized  the  desirability 
of  a  new  term  not  only  free  from  these  objections,  but  also  with  positive 
merits  of  its  own.  Such  a  word  is  "ece,"  derived  directly  from  the  Greek 
oikos,  and  hence  cognate  with  ecology,  ecesis,  ecad,  etc.  Apart  from  its 
essential  brevity  and  euphony,  it  combines  readily  with  both  Greek  and 
Latin  stems,  yields  attractive  derivatives,  and  is  readily  adopted  into  any 
language.  In  actual  field  practice  its  convenience  and  usefulness  have  in- 
creased steadily,  and  it  has  become  indispensable  to  the  thoroughgoing 
analysis  of  the  habitat. 

The  present  project  deals  with  the  further  analysis  of  the  ece  in  terms  of 
development,  measurement,  and  response.  The  paramount  task  is  to  refine 
the  evidence  afforded  by  individual,  species,  and  community  as  to  the  kinds 
and  differences  of  habitats,  and  to  correlate  the  latter  in  such  fashion  as  to 
promote  rather  than  stereotype  basic  studies  of  cause  and  effect.  Thus, 
while  various  kinds  of  eces  have  been  distinguished  and  named  in  actual 
practice,  such  as  climece,  serece,  hydrece,  micrece,  etc.,  these  are  at  present 
needed  only  in  quantitative  developmental  studies. 

Climatic  Cycles  and  Tree  Growth,  by  A.  E.  Douglass. 

The  study  of  the  relation  of  tree  growth  to  climate  was  extended  during 
the  summer  of  1925  by  an  automobile  trip  covering  a  large  part  of  the  region 
in  which  western  yellow  pine  grows.  The  states  of  Arizona,  New  Mexico, 
Colorado,  Wyoming,  Idaho,  Oregon,  Washington,  and  California  were  visited 
and  the  collections  of  material  for  the  general  study  of  the  Southwest  greatly 
improved.  New  groups  of  borings  or  cuttings  were  obtained  at  Raton,  New 
Mexico;  Laramie,  Wyoming;  Baker,  and  the  Dalles,  Oregon;  Wind  River 
and  Blyn,  Washington;  Scotia,  and  Mount  Wilson,  California,  and  the 
Springville  region  of  giant  trees.  These  groups  were  largely  yellow  pines, 
but  a  fine  collection  of  twelve  complete  radial  cuts  from  the  coast  redwood 
also  were  obtained  by  the  courtesy  of  Mr.  Percy  J.  Brown  at  his  mill  near 
Scotia.  This  is  a  representative  district,  the  trees  being  carefully  selected 
with  a  view  to  the  effects  of  topography.  From  these  specimens  a  good 
estimate  can  be  made  of  the  value  of  this  longlived  tree  in  climatic  study.1 

An  extended  group  of  complete  radial  cuttings  (from  the  stump)  was  also 
obtained  from  the  giant  trees  near  their  southern  limit  at  Springville,  Cali- 
fornia. In  previous  work  only  two  from  this  point  had  been  used  by  the 
writer,  and  fourteen  are  now  added.  These  also  were  carefully  selected  for 
age,  topography,  and  clean  uninterrupted  growth.  It  is  hoped  that  these 
will  help  greatly  to  date  comparisons  between  Arizona  pines  and  California 
sequoias.  A  special  study  of  the  effect  of  tapering  trunk  was  made  on  a 
windfall  whose  total  height  had  been  265  feet,  diameter  about  13  feet,  and 
probable  age  over  2,000  years.  Estimates  were  made  of  the  age  of  several 
very  large  and  old  living  trees. 

A  visit  to  Mount  Wilson  showed  that  the  pine  trees  in  the  vicinity  of  the 
Solar  Observatory  have  some  other  factor  than  mere  rainfall  in  their  growth. 
It  may  be  temperature  or  sunshine,  or  some  form  of  conservation.     These 

1  A.  E.  Douglass,  Climatic  cycles  and  tree-growth,  Carnegie  Inst.  Wash.  Pub.  No.  289,  1919. 


322  CARNEGIE   INSTITUTION   OF   WASHINGTON. 

trees  do  not  seem  to  give  as  good  a  record  of  the  rainfall  of  southern  California 
as  do  the  pines  from  northern  Arizona.  It  seems  probable  that  in  the  latter 
a  valuable  history  of  southwestern  rain  can  be  obtained.  This  has  an  im- 
portant bearing  on  reclamation  and  other  engineering  problems  involving 
water  supply. 

Fine  petrified  wood  was  examined  at  the  Petrified  Forest  near  Calistoga, 
California,  and  some  15  or  20  feet  of  clay  layers,  apparently  glacial  varves, 
were  found  near  the  Snake  River  in  Oregon,  a  few  miles  west  of  Weiser,  Idaho. 

Laboratory  work  during  the  past  year  has  been  done  largely  by  Mr.  D.  A. 
Hawkins,  who  has  checked  and  brought  up  to  date  the  Prescott  correlation 
between  rainfall  and  tree  growth  and  has  largely  completed  the  same  com- 
parison for  Flagstaff,  Arizona,  so  that  a  five-century  curve  of  approximate 
rainfall  may  be  compiled.  He  has  also  been  engaged  in  the  preparation  of 
specimens,  dating,  measuring,  tabulating,  and  plotting  individual  tree  records 
and  in  getting  averages  in  about  twenty  groups  from  the  West  and  Southwest. 

Ecological  Measurement  of  Photosynthate,  by  Frances  L.  Long,  F.  E.  Clements, 

and  C.  R.  Haupt. 

The  photosynthate  method  has  been  further  developed  in  the  hope  of  fur- 
nishing more  accurate  tests  of  the  photosynthetic  efficiency  of  species  and 
ecads  in  the  actual  conditions  of  the  ece,  and  of  their  suitability  for  use  as 
phytometers.  The  most  promising  results  have  been  obtained  with  a  modi- 
fication of  the  picric-picramic  acid  method,  in  which  picric  acid  is  reduced  by 
the  carbohydrates  to  picramic  acid,  attended  by  color  change.  A  series  of 
standards  is  made  up  in  test  tubes  with  pure  dextrose  to  yield  the  range  of 
colors  desired.  Comparison  has  proved  both  simpler  and  more  accurate  in 
the  middle  of  the  series,  and  in  consequence  the  leaf-extracts  have  been 
adjusted  to  fall  within  this  region.  The  colors  produced  by  the  leaf-extracts 
are  examined  in  a  simple  comparator,  which  has  been  found  more  satisfactory 
than  the  colorimeter  because  of  its  greater  speed  and  simplicity.  No  separate 
process  is  needed  for  inversion,  because  the  leaf-extract  is  first  boiled  for  10 
minutes  with  the  picric-acid  solution,  which  effects  hydrolysis,  and  then 
sodium  carbonate  is  added  for  reduction. 

The  arduous  task  of  obtaining  definite  leaf  areas  has  been  much  simplified 
by  the  fact  that  only  a  few  square  centimeters  are  required  with  this  method, 
as  well  as  by  the  use  of  the  Goldsmith  recording  leaf-punch.  This  instrument 
is  devised  to  cut  disks  of  0.5  or  1  sq.  cm.  with  much  accuracy,  the  number  cut 
being  recorded  on  the  dial.  The  two  sizes  are  a  necessary  feature,  owing  to 
the  smallness  of  many  leaflets  and  sun  leaves.  Much  attention  has  been 
given  to  perfecting  the  details  of  the  method  and  finding  out  just  how  changes 
in  the  concentration  of  the  solutions  and  in  methods  of  handling  them  affect 
the  end  results.  It  has  been  necessary  to  overcome  the  tendency  of  the  solu- 
tion to  crystallize,  since  this  interfered  with  the  readings. 

The  greatest  photosynthetic  efficiency  under  similar  habitat  conditions  has 
been  exhibited  by  Epilobium  angustifolium  and  Frasera  speciosa,  while  Mer- 
tensia  sibirica  and  Streptopus  amplexicaulis  were  particularly  low,  showing 
less  than  20  per  cent  as  much  carbohydrate,  possibly  due  to  a  difference  in 
seasonal  aspect. 

Individual  plants  of  the  same  species  showed  greater  uniformity  than  had 
been  expected.     Aralia  nudicaulis,  which  produces  only  three  leaves  on  a 
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plant,  gave  practically  the  same  total  photosynthate  for  each  of  these,  where 
the  light  exposure  was  the  same  for  all.  Leaves  of  Haplopappus  parry i  from 
five  plants  close  together  showed  a  consistent  curve  of  photosynthate  through- 
out a  24-hour  period,  the  greatest  variation  appearing  at  5  a.  m.,  when  there 
was  a  difference  of  20  per  cent  between  the  total  for  lowest  and  highest  values. 
The  curves  from  field  studies  present  certain  difficulties  of  interpretation 
owing  to  sunflecks,  shadows,  and  clouds,  and  shade-tents  have  been  placed 
over  plants  in  the  natural  habitat  to  aid  in  this.  These  yielded  a  series  of  four 
light  intensities,  namely,  full  sunlight,  and  16,  8,  and  1  per  cent.  The  resulting 
curves  are  similar  in  general  form,  the  plants  in  the  open  showing  much  greater 
extremes  than  those  under  the  shade-tents.  The  recording  photometer  and 
thermograph  were  used  to  furnish  the  necessary  records  of  light  and  tem- 
peratures. 

Physical  Properties  of  the  Sap  of  Engelmann  Spruce,  by  G.  W.  Goldsmith  and 

J.  H.  C.  Smith. 

A  continuation  of  the  study  of  the  physical  properties  of  the  sap  of  Engel- 
mann spruce  has  confirmed  and  extended  the  earlier  conclusions : 

The  water-content  of  the  young  leaves  is  high  in  spring,  falls  rapidly  to  a 
summer  level,  and  slowly  throughout  the  winter,  being  markedly  low  at 
timber-line.  The  density  of  the  tissue  fluids  varies  inversely  with  the  water- 
content,  showing  evidence  of  desiccation  only.  The  index  of  refraction  follows 
closely  the  density  curves.  The  water-content  of  the  sap  agrees  well  with 
that  of  the  leaf.  Freezing-point  determinations  showed  an  osmotic  pressure 
low  in  summer,  varying  with  altitude  during  the  winter,  and  rising  to  a  maxi- 
mum in  early  spring.  The  average  molecular  weight  of  the  sap  solutes 
increased  in  the  young  leaves  from  summer  to  winter,  falling  in  the  spring. 
The  increase  in  average  molecular  weight  during  autumn  probably  is  due  to  a 
polymerization  of  carbohydrates  and  takes  place  at  a  rate  which  varies  with 
the  altitude  of  the  habitat.  Electrical  conductivity  was  variable  and  showed 
a  removal  and  addition  of  conducting  substances. 

The  total  carbohydrate  content  of  the  leaves  was  at  a  minimum  in  the 
young  leaves  in  summer,  rising  to  a  higher  winter  value  which  varied  with  the 
altitude  of  the  stations.  There  is  a  close  agreement  in  the  younger  leaves 
between  the  carbohydrates  and  the  density  and  osmotic  pressure  of  the  ex- 
pressed fluid.  Structural  material  is  considered  to  be  the  total  solids  less  the 
reducing  substances  and  was  found  to  increase,  in  the  young  leaves,  at  a  rate 
proportional  to  the  altitude  of  the  habitat.  The  rate  of  water-loss  was  found 
to  correspond  with  the  dehydration  of  a  jell  if  the  continuous  phase  is  con- 
sidered as  the  structural  material.  Tissue  fluids  from  the  higher  habitats 
are  generally  more  acid  than  the  lower.  There  is  evidence,  in  the  young 
leaves,  of  salts  of  dibasic  acids  giving  way  to  tribasic  at  a  slightly  later  period 
and  finally  assuming  the  highly  buffered  curve  of  the  mature  leaf -tissue  fluid. 
The  titration  curves  of  the  tissue  fluid  differed  with  the  age  of  the  leaf,  but 
showed  no  change  with  habitat. 

Root  Development  of  Vegetable  Crops,  by  J.  E.  Weaver  and  H.  C.  Hanson. 

A  beginning  has  been  made  toward  a  thorough  study  of  the  root  develop- 
ment of  the  common  vegetable  crops.  These  were  planted  in  a  uniform, 
rich,  clay  loam  in  triplicate,  so  that  examinations  could  be  made  at  three 
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different  periods  during  their  development.  The  several  crops  were  planted, 
cultivated,  and  thinned  according  to  the  usual  garden  practice.  The  direct 
method  of  excavating  the  roots  from  the  side  of  a  trench  was  employed,  as  in 
previous  root  investigations.1 

Each  kind  of  vegetable  crop  exhibits  its  own  characteristic  root  habit, 
which  is  usually  markedly  different  from  that  of  other  species  or  varieties. 
The  great  extent  of  the  root  systems  both  in  depth  of  penetration  and  lateral 
spread  of  branches  is  very  impressive.  For  example,  the  taproot  of  a  half- 
grown  garden  beet  (Edmand's  Blood  Turnip  variety  of  Beta  vulgaris)  reaches  a 
depth  of  5  feet,  the  branches  spreading  to  distances  of  3  feet  on  all  sides  of  the 
taproot.  The  taproot  of  fully  grown  lettuce  (Prize  Head  variety  of  Lactuca 
sativa)  reaches  a  depth  of  7  feet,  and  many  of  the  large  laterals,  which  spread 
1.5  to  2  feet  from  the  taproot,  penetrate  to  the  4  to  6  foot  level. 

Distribution  and  Behavior  of  Soil  Algce,  by  Lee  Bonar  and  G.  W.  Goldsmith. 

The  study  of  the  occurrence  and  activities  of  algae  in  uncultivated  soils 
has  been  continued,  and  extended  to  include  typical  soils  from  the  region 
about  Tucson,  Arizona.  The  cultures  started  in  1923  were  kept  in  the  green- 
house under  conditions  favorable  for  growth,  and  successional  studies  were 
made.  The  collections  of  1923  have  been  duplicated  and  considerably 
extended  to  include  surface  and  decimeter  samples  of  the  soils  from  the  various 
plant  formations  typical  of  the  regions  studied.  Cultures  were  made  in 
duplicate  for  the  216  different  soils  studied,  of  which  160  have  given  a  positive 
growth.  The  forms  thus  obtained  are  members  of  14  different  genera,  6 
being  green  and  8  blue-green  algae.  The  wide  extent  of  the  collections  this 
season  indicates  that  these  are  able  to  exist  under  the  widest  range  of  condi- 
tions, extending  from  the  arid  and  semiarid  climate  of  the  Southwest  to  the 
alpine  summits  of  the  Rocky  Mountains. 

Cultures  from  the  more  arid  regions  of  Arizona  show  an  appreciably  faster 
rate  of  initial  growth  than  those  from  soils  having  a  greater  amount  of  rain- 
fall. Of  the  cultures  from  Arizona  soils,  80  per  cent  showed  a  distinct  green 
growth  within  two  weeks  after  culturing,  in  spite  of  their  powdery  condition, 
while  those  from  Colorado  soils  usually  required  a  much  longer  time.  The 
forms  first  to  appear  were  for  the  most  part  unicellular  green  algae,  such  as 
Chlamydomonas  and  Chlorococcum.  Species  of  Oscillatoriaceae  have  been 
found  very  abundantly  in  many  of  the  cultures,  but  they  usually  appear 
somewhat  later  than  do  the  unicellular  green  forms.  The  dominants  in  the 
older  cultures,  especially  those  kept  from  the  previous  year,  are  in  many 
cases  members  of  the  Nostocaceae,  and  are  usually  expanded  amorphous 
masses  of  gelatinous  material.  There  are  certain  species  of  Phormidium,  how- 
ever, that  are  quite  regularly  found  in  these  older  cultures.  They  seem  to  be 
in  a  growing  condition,  in  contrast  to  forms  appearing  earlier,  which  usually 
have  either  entirely  disappeared  or  are  found  as  dormant  or  resting  stages. 

Certain  widely  distributed  forms  have  been  selected  for  the  study  of 
physiological  reactions  and  have  been  established  in  cultures  free  from  any 
other  algae.  From  these  an  attempt  will  be  made  to  determine  the  conditions 
that  limit  or  facilitate  growth,  as  well  as  the  effect  upon  soil-air  and  the 
development  of  soil  organisms. 

1  J.  E.  Weaver,  The  ecological  relations  of  roots,  1919;  Root  development  in  the  grassland  formation, 
Carnegie  Inst.  Wash.  Pub.  No.  292,  1920. 
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Floral  Ecology  of  Parkinsonia  and  Fouquiera,  by  G.  W.  Goldsmith 

and  Frances  L.  Long. 

Many  desert  plants  marked  by  extreme  reduction  or  loss  of  leaves  produce 
a  very  large  total  area  of  flowers,  apparently  provided  with  little  protection 
against  excessive  water-loss.  In  order  to  gain  a  clearer  idea  of  these  water 
relations,  a  preliminary  study  was  undertaken  at  the  Desert  Laboratory  to 
determine  the  transpirational  activity  of  such  flowers,  the  consequent  effect 
on  the  life-period,  and  their  attraction  for  pollinators. 

The  twigs  of  Parkinsonia  microphylla  contain  chlorophyll  in  the  cortex 
beneath  a  heavy  cuticle,  along  the  medullary  rays,  and  in  the  pith.  Poto- 
metric  measurements  showed  that  twigs  without  leaves  or  flowers  transpired 
very  slowly  in  proportion  to  the  area.  Following  light  rains  of  winter  the 
trees  increase  the  water-content  of  the  twigs,  develop  inconspicuous  leaves, 
and  become  covered  with  yellow  flowers,  exposing  a  relatively  enormous 
area  of  thin  petals  to  water-loss.  The  water-content  of  the  petals  is  about 
90  per  cent,  the  area  of  a  single  flower  being  about  5.5  sq.  cm.  Twigs  10 
cm.  long  and  1.5  mm.  thick  often  produce  20  flowers.  In  terms  of  transpiring 
area  a  twig  with  2  sq.  cm.  of  cutinized  epidermis  may  suddenly  unfold  over 
100  sq.  cm.  of  water-laden  parenchymatous  tissue  lightly  cuticularized. 

A  battery  of  potometers  with  naked,  leafy,  and  flowering  twigs  was  in- 
stalled, the  areas  of  each  determined  and  the  transpiration  measured.  The 
leafy  twigs  showed  the  highest  water-loss  per  unit  area,  the  flowers  less,  and 
the  naked  twigs  least.  If  the  results  are  computed  as  transpiration  per  unit 
area  of  leaf,  flower,  and  stem,  the  averages  are  respectively  16.8  gm.,  6.45 
gm.,  and  1.0  gm. 

In  Fouquiera  splendens,  the  chlorenchyma  is  exposed  in  the  young  stems 
under  a  heavy  sclerenchyma;  this  separates  as  the  diameter  increases,  leaving 
the  former  protected  by  a  transparent  waxy  layer  that  allows  the  passage  of 
light,  but  of  very  little  water.  During  the  rainy  season  the  stems  develop 
numerous  spatulate  leaves  and  a  terminal  inflorescence  of  bright  red  flowers. 
These  attract  numerous  humming  birds  and  insects,  the  latter  forms  with 
long  tongues  or  small  enough  to  enter  the  tubular  corolla.  Determinations 
of  the  nectar  showed  that  the  sugar  content  increased  as  the  flowers  opened 
until  the  dehiscing  of  the  anthers,  when  it  fell,  the  maximum  content  at  this 
time  being  about  three  times  that  of  the  unopened  bud. 

The  water-content  of  the  inflorescence  and  of  wood  of  various  ages  was 
determined  and  found  to  range  from  87  per  cent  for  the  flowers  to  38  per  cent 
for  wood  8  years  old.  Potometers  showed  that  in  relation  to  area,  the  leaves 
transpired  9.5  and  the  flowers  6  times  as  much  as  the  stem.  The  total  area 
and  water-content  were  determined  for  one  plant,  and  it  was  found  that 
306  days  would  be  required  for  the  stem  to  transpire  the  entire  water-content 
and  but  37  days  for  the  flowers  to  use  this  amount.  Thus,  Fouquiera,  like 
Parkinsonia,  must  assume  the  risk  of  excessive  water-loss  during  the  period 
when  pollinators  are  indispensable. 

Experimental  Pollination,  by  F.  E.  Clements  and  Frances  L.  Long. 

Various  improvements  have  been  made  in  the  methods  employed  in  the 
study  of  life-histories  and  quantitative  pollination  under  control.1     Boxes 

1  P.  E.  Clements  and  F.  L.  Long,  Experimental  pollination,  Carnegie  Inst.  Wash.  Pub.  No.  336; 
1923. 
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and  pots  have  been  largely  replaced  by  pails  of  various  sizes,  which  not  only 
make  transplanting  simpler,  but  also  permit  of  ready  transfer  from  one  set 
of  conditions  to  another,  or  between  two  or  more  competition  groups.  The 
species  studied  have  been  chiefly  composites,  grasses,  and  small-flowered 
apetalous  forms,  in  which  the  chief  difficulty  lies  in  tracing  the  behavior  of 
the  minute  florets.  This  has  been  overcome  partly  by  recording  the  stages 
for  only  a  few  of  the  first  florets  when  the  heads  or  spikes  are  large,  and  partly 
by  the  use  of  very  small  tags  of  different  color.  A  further  advance  has  made 
it  possible  to  transplant  plants  in  bud  or  in  full  bloom  without  checking  their 
development.  As  indicated  previously,  this  is  accomplished  by  placing  the 
pails  in  a  shaded  mountain  brook  to  reduce  transpiration,  after  which  they 
are  first  transferred  to  normal  shade  for  study  and  later  to  sun  or  other  desired 
conditions. 

The  pail  transplant  has  likewise  proved  indispensable  in  the  quantitative 
study  of  pollination  efficiency.  The  latter  has  dealt  chiefly  with  pollen 
deposit,  but  has  also  taken  into  account  the  amount  of  nectar  and  pollen 
produced,  as  well  as  the  fertility  of  the  latter.  Actual  microscopic  counts 
have  been  made  of  the  number  of  grains  found  on  the  stigma  of  different 
species  at  various  times,  or  under  dissimilar  conditions.  Most  significant  is 
the  discovery  that  many  wind-pollinated  grasses  are  quite  as  efficient  as 
conspicuous  insect-pollinated  species.  Efficiency  naturally  depends  largely 
upon  the  time  of  appearance  and  the  relative  position  of  anthers  and  stigmas. 
In  control  plants,  the  horizontal  spikes  of  Bouteloua  gracilis  exhibited  no 
pollen  deposit  whatever,  owing  to  the  fact  that  the  stigmas  expand  along  the 
rachis  while  the  anthers  hang  far  below.  In  other  words,  the  sod  habit  of 
Bouteloua  is  essential  to  its  effective  pollination.  In  order  to  measure  the 
comparative  efficiency  of  cross  and  self  pollination  in  insect  flowers,  inflor- 
escences were  covered  with  bags  and  the  pollen  deposit  determined  after 
anthesis.  In  rare  cases  only  were  the  stigmas  found  to  be  entirely  without 
pollen  grains,  but  these  usually  occurred  in  a  few  dense  masses,  quite  unlike 
the  uniform  and  general  distribution  over  stigmas  freely  exposed  to  insect 
visits.  Surprising  also  was  the  amount  of  foreign  pollen  on  the  stigmas  of 
such  abundant  plants  as  geranium  and  fireweed;  three  or  four  such  species 
were  often  represented,  and  in  many  individuals  the  pollen  grains  of  Allium 
cernuum  outnumbered  those  of  the  plant  itself. 

A  special  study  has  been  made  of  the  pollen  behavior  of  a  colony  of  An- 
thophora  occidentalis.  During  the  early  part  of  the  day,  returning  individuals 
usually  carried  pollen  loads,  although  some  were  taking  nectar  alone  from 
Cleome  serrulata.  While  pollen  is  abundant  in  these  flowers,  no  bees  were 
observed  loading  it.  However,  one  individual  arrived  at  the  nest  with  a 
load  of  Cleome  pollen  on  top  of  some  from  Mentzelia  nuda,  showing  that 
they  must  include  the  former  in  their  food-supply.  Argemone  platyceras 
and  Helianthus  annuus  proved  the  favorites  for  pollen-collecting,  followed  by 
Ximenesia  encelioides  and  Galinsoga  parviflora.  Significant  of  the  food  habits 
of  this  species  is  the  fact  that  the  load  is  practically  always  a  mixed  one, 
representing  two  to  four  kinds  of  pollen.  The  loads  carried  amount  to  3  to 
20  per  cent  of  the  bee's  own  weight.  They  are  particularly  hard  to  remove 
as  they  are  packed  all  along  the  rear  pair  of  legs,  and  some  pollen  is  also 
scattered  on  the  front  legs,  under  mouth-parts,  and  under  the  abdominal 
segments,  but  in  spite  of  this,  unloading  is  usually  done  in  5  to  10  minutes 
(cf.  p.  340). 
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Factors  Involved  in  Opening  and  Closing  Flowers,  by  G.  W.  Goldsmith, 
F.  E.  Clements,  and  Ellen  A.  Penfound. 

Work  on  the  movement  of  flower  parts  and  the  factors  involved  has  been 
continued  and  extended.  A  special  apparatus  has  been  constructed  con- 
sisting of  five  glass  chambers  ventilated  with  air  of  the  temperature  and 
humidity  desired,  thus  enabling  the  operator  to  control  the  temperature, 
humidity,  and  light  in  the  experimental  compartments.  The  flowers  under 
study  are  placed  in  these  chambers  under  measured  conditions  and  the 
effects  noted.  Cut  flowers  have  been  employed  only  when  experiments  in 
the  field  have  shown  that  cutting  produces  no  abnormal  results.  If  done 
properly,  cutting  usually  has  no  harmful  effects,  but  it  may  result  in  dis- 
turbance unless  care  is  exercised. 

The  flowers  studied  represent  more  than  a  score  of  families  throughout  the 
entire  range  of  flowering  plants.  They  number  40  species  and  22  genera  of 
hemeranthous  bloomers,  15  species  and  8  genera  of  nyctanthous  ones,  and  20 
species  and  11  genera  of  ephemerals. 

Under  proper  conditions  a  rise  or  fall  in  temperature  acts  as  an  effective 
stimulus  to  the  movements  that  naturally  occur  in  all  these  forms.  Flowers 
that  never  close  in  the  field  naturally  can  not  be  induced  to  do  so  by  artificial 
means.  Hemeranthous  flowers  respond  by  opening  to  a  rise  in  temperature, 
nyctanthous  to  a  fall.  Reverse  responses  often  occur  if  the  change  in  temper- 
ature is  too  great.  The  threshold  for  effective  stimulation  increases  with 
the  age  of  the  flower  and  with  the  interval  between  the  time  the  stimulus  is 
applied  and  the  period  of  normal  opening  or  closing.  A  few  of  the  flowers 
tested,  such  as  Acroclinium,  respond  at  irregular  and  frequent  intervals,  but 
the  great  majority  show  a  distinct  periodicity,  opening  or  closing  more  readily 
as  the  normal  time  of  movement  is  approached.  A  rise  in  temperature  of 
5°  will  not  cause  the  immediate  opening  of  Eschscholtzia  flowers  at  5  a.  m.  or 
at  5  p.  m.,  but  will  readily  do  so  at  9  a.  m.  Flowers  that  have  been  kept 
beyond  normal  time  for  opening  or  closing,  without  the  stimulus  necessary  to 
movement,  become  more  sensitive  and  respond  to  temperature  changes 
ineffective  at  other  times. 

Plasmolytic  determinations  made  of  the  tissue  actively  concerned  shows 
that  at  or  immediately  before  the  time  of  movement,  the  epidermis  opposite 
the  movement  contains  a  cell  sap  of  higher  osmotic  concentration  than  that 
toward  the  movement.  Thus,  at  the  time  of  opening,  the  inner  epidermis 
of  Taraxacum  contains  a  sap  of  higher  osmotic  pressure  than  the  outer,  but 
at  the  time  of  closing  the  reverse  relation  exists.  The  amount  of  difference 
varies  with  the  species,  but  is  fairly  constant  within  each  one.  Where  move- 
ment occurs  within  a  limited  area,  as  in  the  case  of  Anogra  or  Acroclinium, 
the  other  parts  of  the  flower  do  not  show  this  differential  osmotic  relation. 
Upon  the  collapse  of  a  flower,  the  osmotic  concentration  of  the  epidermal  sap 
falls  on  both  surfaces.  It  seems  probable  that  the  epidermis  has  some  share 
in  floral  movement  and  it  may  be  chiefly  effective  in  flowers  with  the  thinnest 
petals.  As  the  change  in  relative  osmotic  concentration  between  the  inner 
and  outer  epidermis  is  evident  before  the  actual  movement,  it  may  represent 
a  preparation  rather  than  the  immediate  cause  of  movement.  The  tissue  on 
the  active  side  may  expand  in  response  to  the  increased  turgidity  developed 
by  the  denser  sap,  since  the  concentration  of  the  epidermis  is  usually  above 
that  of  the  adjacent  parenchyma,  or  it  may  act  as  a  result  of  water  loss  on 
the  passive  side. 
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SUCCESSION  AND  CLIMAX. 

The  interaction  of  development  and  structure  in  the  community  follows 
the  same  general  laws  as  in  the  individual.  The  motive  force  resides  in  the 
ece,  the  development  of  which  is  reflected  in  that  of  the  community,  while 
the  reactions  of  the  latter  then  serve  in  turn  as  causes  of  ecial  development. 
These  two  phases  of  the  cycle  are  usually  more  or  less  equal  and  supplement- 
ary, but  in  some  cases  one  may  greatly  predominate,  occasionally  to  the 
apparent  exclusion  of  the  other,  though  never  to  its  actual  suppression. 
This  cycle  continues  until  both  phases  reach  their  term  at  the  limits  imposed 
by  the  climate,  and  the  changes  then  become  merely  recurrent  in  response 
to  the  annual  swing  of  the  latter.  Development  and  evolution  in  the  proper 
sense  have  ceased,  only  to  be  resumed  with  some  far-reaching  climatic  shift. 

This  cyclic  response  of  the  community  permits  its  investigation  from  three 
different  though  coordinated  approaches.  One  deals  directly  with  the  nature 
and  role  of  the  several  directive  functions,  another  with  the  ontogeny  and 
phylogeny  of  the  community  in  terms  of  the  various  kinds  of  succession,  and 
the  third  with  the  detailed  study  of  the  development  and  structure  of  par- 
ticular climaxes  under  the  existing  climate. 

Gommunity  Functions,  by  F.  E.  Clements. 

Although  two  decades  have  elapsed  since  the  first  analysis  of  community 
functions  (Research  Methods,  p.  199)  and  nearly  a  decade  since  the  com- 
prehensive organization  of  this  field  (Plant  Succession,  p.  63),  it  still  receives 
too  little  attention  at  the  hands  of  ecologists  (cf.  Yapp,1  1925).  The  reasons 
for  this  inhere  in  the  fact  that  this  is  the  most  painstaking  and  time-con- 
suming of  all  quantitative  studies  in  the  field,  and  one  that  demands  con- 
tinuous attention  for  a  period  of  several  years  at  least.  The  paramount 
importance  of  functional  research  in  competition,  ecesis,  and  reaction  has 
become  even  more  evident  in  the  prosecution  of  studies  in  experimental 
vegetation,  the  phytometer  method,  and  the  transplant  method  (Clements 
and  Weaver,2  1924;  Clements  and  Goldsmith,3  1924).  The  results  obtained 
and  the  questions  raised  in  consequence  have  eventuated  in  an  exhaustive 
investigation  of  the  nature  and  role  of  competition  (p.  329),  and  the  projection 
of  similarly  detailed  studies  of  ecesis  and  reaction.  These  have  been  utilized 
in  connection  with  changes  of  vegetation  and  climate,  which  has  also  de- 
manded a  thoroughgoing  analysis  of  migration,  or  better  invasion,  and 
evolution.  Out  of  this  has  come  a  new  and  much  more  significant  concept 
of  the  former,  as  well  as  a  full  realization  of  the  meaning  of  evolution  in 
terms  of  the  community,  as  sketched  in  a  succeeding  section  (p.  334). 

The  function  of  growth  in  the  community  has  also  been  analyzed,  and  the 
term  restricted  to  the  recurrent  phenomena  of  each  year,  developmental 
growth  being  referred  to  succession.  Community  growth  may  thus  not 
merely  be  likened  to  the  annual  renewal  of  perennial  plants,  but  it  is  likewise 
the  actual  community  expression  of  the  latter.  Since  this  is  directly  related 
to  the  cycle  of  the  year  and  varies  with  the  seasonal  factors,  it  has  been 

1  R.  H.  Yapp,  The  interrelation  of  plants  in  vegetation  and  the  concept  of  association,  Schroter 
Festschrift,  1925. 

2  F.  E.  Clements  and  J.  E.  Weaver,  Experimental  vegetation,  Carnegie  Inst.  Wash.  Pub.  No. 
355,  1924. 

3  F.  E.  Clements  and  G.  W.  Goldsmith,  The  phytometer  method  in  ecology,  lb.  356,  1924. 
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designated  as  animation,  and  takes  its  place  with  the  functions  previously 
recognized.  Annuation  is  most  clearly  expressed  in  the  swing  of  the  11-year 
sunspot  cycle,  the  year,  and  the  season,  where  it  has  long  been  known  in 
the  seasonal  aspects,  vernal,  estival,  etc.  (Pound  and  Clements,1  1898). 
To  it  are  to  be  ascribed  a  multitude  of  changes  of  all  degrees,  subordinate 
to  those  that  mark  the  sere,  but  often  of  great  importance.  In  fact,  it  is 
assumed  that  all  changes  in  the  community,  no  matter  how  trivial,  are  due 
to  the  functions  indicated. 

The  functions  of  the  biotic  community,  or  biome,  are  essentially  those  of 
the  plants  that  constitute  the  matrix,  and  this  is  true  to  the  major  extent  for 
aquatic  communities  as  well.  The  recognition  of  the  unity  of  the  biome  has 
been  a  slow  matter,  owing  to  the  specialized  training  of  biologists,  but  it 
now  seems  assured  (Clements,2  1905:16;  1916;  1920;  Shelf ord  and  Towler,3 
1925).  Since  plants  not  only  give  the  character  to  the  biome,  but  also  largely 
control  the  animals  by  means  of  food,  material,  shelter,  etc.,  the  functions  of 
the  plant  matrix  will  necessarily  rule.  Practically  all  these  apply  to  the 
animals  as  well,  especially  the  more  or  less  sessile  ones,  while,  for  the  present, 
all  the  special  functions  of  animals  as  a  group  can  be  summed  up  as  reactions, 
though  these  will  ultimately  demand  detailed  analysis.  They  will  then 
serve  as  the  explanation  of  a  host  of  minor  or  trivial  changes  in  the  community 
that  would  superficially  pass  as  accidental. 

Nature  and  Role  of  Competition,4,  by  F.  E.  Clements,  J.  E.  Weaver,  and 

H.  C.  Hanson. 

Field  Studies. 

Field  cultures. — In  some  cultures  where  dominant  competed  with  dominant, 
midsummer  of  the  second  season  was  still  too  early  to  yield  conclusive  results 
(e.  g.  Elymus  canadensis  and  Andropogon  nutans);  in  others  certain  grasses 
were  distinctly  controlling,  e.  g.  Elymus  canadensis  over  Andropogon  nutans 
on  high  prairie.  Where  climax  species  competed  with  relict  ones,  the  latter 
became  dominant  often  because  of  more  vigorous  growth,  e.  g.  Sporobolus 
asper  over  Andropogon  nutans  in  high  prairie.  Favored  by  the  dry  summer 
during  the  second  season  of  growth,  short-grasses  frequently  were  equally  well 
developed  with  tall  ones  in  the  high  prairie,  e.  g.  Bouteloua  gracilis  and  Andro- 
pogon nutans.  Subdominants  when  thickly  planted  were  often  able  to  suppress 
the  dominant  grasses,  e.  g.  Onagra  biennis  and  Panicum  virgatum,  the  shading 
effect  of  the  dead  leaves  of  the  former  being  an  important  factor.  In  other 
cases,  e.  g.  Liatris  punctata  and  Panicum  virgatum,  the  subdominants  showed 
a  remarkable  resistance  to  adverse  conditions,  though  entirely  outranked  in 
growth  and  numbers.  Competition  between  two  subdominants  was  often 
very  keen,  insufficient  light  to  manufacture  food  (as  determined  by  Sachs's 
iodine  test)  being  followed  by  loss  of  chlorophyll  and  death  of  the  lower 
leaves.     For  example,  Kuhnia  glutinosa,  because  of  its  greater  rapidity  of 

1  R.  Pound  and  F.  E.  Clements,  The  phytogeography  of  Nebraska,  1898. 

2  F.  E.  Clements,  Research  methods  in  ecology,  1905;  Development  and  structure  of  the  biome, 
Bull.  Ecol.  Soc.  Am,  1916;  Plant  Indicators,  Carnegie  Inst.  Wash.,  Pub.  No.  29,  1920. 

3  V.  Shelford  and  E.  D.  Towler,  1925,  Animal  communities  of  the  San  Juan  Channel  and 
adjacent  areas,  Pub.  Puget  Sound  Biol.  Stat.,  1925. 

4  F.  E.  Clements,  Development  and  structure  of  vegetation,  Rep.  Bot.  Surv.  Nebr.  7:  166,  1904; 
Research  methods  in  ecology,  p.  285,  1905;  Plant  physiology  and  ecology,  p.  251,  1907;  Plant  suc- 
cession, p.  72,  1906. 
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growth,  entirely  suppressed  Liatris  punctata.  Ruderals  were  unable  to 
make  any  permanent  gain  over  dominant  species,  e.  g.  Amaranihus  retroflexus 
and  A.  nutans,  although  the  accumulation  of  their  dead  leaves  produced  a 
markedly  retarding  effect.  Where  the  areas  were  enriched  with  sodium 
nitrate,  ruderals  did  much  better. 

A  thorough  analysis  was  made  of  the  factors  entering  into  competition, 
especially  in  the  case  of  light  and  water-content.  Bisects  were  employed  to 
exhibit  the  shoot  and  root  relations  and,  together  with  the  factor  readings, 
served  to  reveal  the  course  of  events  and  the  causes  of  the  dominance,  sup- 
pression, or  disappearance  of  the  species.  Photographs  at  the  time  of 
quadrating  made  a  complete  record. 

During  the  present  season  over  20  new  quadrats  have  been  added  to  the 
original  60.  Winter-killing  was  severe,  because  of  an  extremely  dry  fall 
and  winter.  The  luxuriance  of  the  short-grasses  (Bulbilis  dactyloides,  Boutel- 
oua  gracilis  and  hirsuta)  was  very  marked,  as  well  as  the  better  growth  of 
Agropyrum  glaucum  during  the  present  dry  summer. 

Transplants  and  disturbed  areas. — The  competition  between  the  grass 
dominants,  initiated  in  1924  by  transplanting  undisturbed  sods  of  0.25,  0.5, 
and  1  square  meter  into  the  midst  of  other  competitors,  is  yielding  definite 
results.  The  smaller  sods  of  Bulbilis  dactyloides,  Bouteloua  gracilis,  and 
Agropyrum  glaucum  that  were  transferred  to  low  prairie  have  already  dis- 
appeared. A  determining  factor  in  this  is  the  shade  afforded  by  the  ac- 
cumulated debris  of  dead  grasses.  Species  in  the  larger  areas  are  badly 
invaded  and  rapidly  disappearing,  especially  from  the  shaded  borders. 

The  reciprocal  transplants  of  large  blocks  of  rhizomes  of  Scirpus  lacustris, 
Typha  latifolia,  and  Phragmites  communis  made  in  pure  growth  of  each  com- 
munity respectively,  have  been  repeated  and  the  behavior  both  of  the  old 
and  new  cultures  followed.  Differences  in  holard,  aeration,  acidity,  and 
light  intensities  have  been  ascertained,  but  it  is  yet  too  early  for  a  conclusive 
statement  of  results. 

The  experiments  inaugurated  in  1924  upon  the  effect  of  partial  or  complete 
removal  of  competition  on  the  growth,  anthesis,  and  seed  production  of 
various  species  have  been  greatly  extended.  Upon  the  removal  of  their 
taller  competitors,  short-grasses  have  completely  occupied  certain  areas, 
while  outside  these  they  have  entirely  disappeared  after  three  years  of  un- 
disturbed growth  of  the  tall-grasses.  As  a  consequence  of  complete  removal, 
the  stems,  leaves,  flowers,  and  fruits  of  dominants  or  subdominants  left 
undisturbed  in  meter  quadrats  show  a  remarkable  increase  in  growth,  some- 
times almost  doubling  in  size.  The  plant  production  is  now  being  determined 
on  numerous  small  areas  thus  freed  from  competition,  some  of  which  are 
also  aided  by  watering. 

Natural  vegetation. — The  analysis  of  the  competition  between  grasses  and 
grasses,  shrubs  and  grasses,  trees  and  grasses,  and  trees  and  shrubs,  has  been 
continued  during  another  season.  Overgrazed  areas  where  Bulbilis  dactyloides 
is  competing  with  Agropyrum  glaucum  and  other  tall-grasses  and  Symphori- 
carpus  vulgaris  with  each  of  these,  have  been  fenced,  the  ecotones  marked, 
and  typical  areas  quadrated.  The  short-grasses  are  rapidly  being  invaded 
by  wheat-grass,  although  the  latter  has  been  unable  to  produce  seed,  owing 
to  the  dry  summer.  Under  these  conditions  of  drought  the  other  tall-grasses 
have  made  little  headway  and  the  shrubs  have  spread  but  little. 
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Areas  where  Rhus  glabra  is  invading  both  high  and  low  prairie  have  been 
studied  for  a  period  of  two  years.  The  mode  of  invasion  both  above  and 
below  ground  has  been  followed  and  the  critical  factors  measured.  By- 
means  of  seeding  and  the  transplanting  of  seedlings,  as  well  as  by  portable 
phytometers,  further  light  has  been  thrown  upon  the  difficulties  trees  ex- 
perience in  invading  grassland.  It  has  become  obvious  that  such  invasion  is 
greatly  checked  during  a  dry  season. 

The  slow  but  steady  invasion  of  shrubs  and  trees  into  grassland  at  Weeping 
Water  during  1924  was  somewhat  hindered  by  late  killing  frosts  and  drought 
during  1925.  The  establishment  of  seedling  maples,  elms,  box-elders,  linden, 
and  other  trees  has  been  followed  in  detail,  most  of  these  doing  better  in 
open  grassland  than  in  the  shade  of  chaparral  or  forest.  The  growth  rate  of 
invading  oaks  has  been  ascertained,  as  likewise  the  light  intensities  under 
which  prairie  grasses  disappear  before  invading  shrubs.  The  appearance  of 
blue-grass  and  its  later  failure  under  dense  chaparral  have  also  been  studied. 

The  growth  of  shrubs  and  trees  in  grassland  under  various  degrees  of  com- 
petition has  yielded  marked  results.  Rhizomes  of  Symphoricarpus,  Rhus, 
Corylus,  and  seeds  of  Fraxinus,  Acer  negundo,  A.  saccharinum,  Gleditsia,  and 
Ulmus,  were  planted  in  long,  narrow,  parallel  trenches.  One  lot  of  each  was 
unaided,  another  was  watered,  the  vegetation  was  kept  clipped  about  the 
third,  and  the  surface  sod  was  denuded  for  a  foot  on  each  side  of  the  others. 
By  the  middle  of  the  first  season  marked  differences  in  growth  occurred,  the 
light  being  so  low  in  the  first  and  second  groups  as  to  cause  the  plants  to 
become  greatly  attenuated;  growth  was  poor  in  the  clipped  row,  but  excellent 
where  the  competition  was  less  severe.  During  the  second  year  many  plants 
had  died,  except  in  the  denuded  row,  while  all  the  others  were  increasingly 
dwarfed.  A  repetition  of  the  experiment  during  the  present  dry  summer  has 
given  even  more  marked  differences. 

Control  Cultures. 

Wheat,  sunflowers,  cockleburs,  and  Andropogon  nutans,  were  grown  in 
galvanized-iron  containers  12  inches  square  and  24  inches  deep.  These  held 
about  170  pounds  of  moist  fertile  soil  and  were  arranged  in  series  of  fives. 

Sunflowers  and  cockleburs  were  planted  at  the  rate  of  2,  4,  8,  16,  and  32 
plants  in  each  series,  wheat  at  the  rate  of  2,  8,  16,  32,  and  64,  and  the  andro- 
pogons  somewhat  more  thickly.  A  gravel  mulch  was  used  to  retard  evapora- 
tion. In  the  first  series  the  plants  competed  for  nutrients,  water,  and  light, 
each  container  receiving  from  time  to  time  the  weighed  amount  of  water 
transpired  by  the  cultures  of  two.  In  the  second  series  an  optimum  holard 
was  maintained  in  each  container,  resulting  in  competition  for  nutrients 
and  light.  In  a  third  series  both  water  and  nutrients  were  kept  up  (samples 
of  the  soil  being  frequently  analyzed)  and  in  this  the  competition  was  for 
light  alone.  In  still  another,  the  shade  was  equalized  by  artificial  means  in 
the  several  containers  so  that  competition  for  light  was  approximately  the 
same.  Marked  differences  in  plantings  of  the  same  densities  frequently 
occurred  within  15  to  20  days  after  planting.  The  experiments  were  discon- 
tinued before  the  plants  became  so  large  that  the  2  cubic  feet  of  soil  was  a 
serious  limiting  factor  to  root  expanse  and  growth. 

Frequent  records  were  made  of  the  growth  of  the  plants  and  final  measure- 
ments obtained,  such  as  are  given  in  abridged  form  in  table  1.     Duplicate 
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and  sometimes  triplicate  series  were  grown  so  that  the  various  measurements 
of  dry  weight,  root  extent,  etc.,  could  be  made  at  different  periods.  By  an 
analysis  of  these  data  it  is  possible  to  evaluate  the  effects  of  the  several  factors 
in  competition.  Under  the  conditions  of  these  experiments,  water-content 
was  the  most  important  factor,  light  ranking  second,  and  nutrients  were  of 
least  importance.  A  beginning  has  been  made  in  the  study  of  functional 
response  under  competition,  such  as  stomatal  movement,  starch  content, 
root  pressure,  and  the  water-conducting  capacity  of  the  stems  under  the 
different  conditions.  Structural  responses  as  expressed  in  stomatal  number 
and  especially  in  leaf  and  stem  anatomy  have  been  followed  in  detail. 

In  other  experiments,  cultures  of  sunflowers  and  wheat  in  medium  density 
were  grown  under  light  intensities  of  1  per  cent,  10  per  cent,  and  full  light. 
Others,  including  cockleburs,  were  grown  in  very  wet,  in  medium,  and  in 
very  dry  soil,  the  rate  of  growth  and  the  functional  and  structural  changes 
being  followed  in  detail.  Still  other  cultures  of  grasses,  cockleburs,  and  sun- 
flowers were  established  in  very  rich,  in  average,  and  in  poor  soil,  and  the 
differences  in  behavior  determined.  Experiments  in  underplanting  a  half- 
grown  crop  with  plants  of  its  own  kind  or  of  other  species  showed  that  the 
latter  are  depressed  in  growth,  partly  because  of  insufficient  light  and  often 
even  more  seriously  because  of  the  dry  soil  resulting  from  vigorous  absorption 
by  the  original  occupants.  The  growth  and  yield  of  native  plants,  such  as 
Onagra  biennis  and  Kuhnia  glutinosa,  in  pure  and  in  mixed  cultures  has  also 
been  ascertained,  as  well  as  the  growth  of  underplanting  of  the  same  and 
different  species. 

Changes  of  Vegetation  and  Climate,  by  F.  E.  Clements  and  E.  S.  Clements. 

Several  related  projects  are  included  under  this  general  title,  all  of  them 
having  to  do  with  the  correlated  changes  of  climate  and  grassland,  especially 
along  the  ecotone  between  the  latter  and  desert  or  forest.  The  history  of 
the  grassland  climax  on  the  North  American  continent  for  this  reason  affords 
the  best  epitome  of  climatic  changes,  not  only  during  recent  times  but  also 
far  back  into  the  Tertiary.  Lack  of  space  makes  it  necessary  to  touch  each 
project  in  the  briefest  outline  and  to  reserve  the  details  for  later  reports. 

It  is  significant  of  the  basic  climatic  relation  between  grassland  and  desert 
that  the  latter  has  been  differentiated  entirely  within  the  original  grassland 
climax.  A  comparative  study  of  the  five  deserts,  Gila,  Colorado,  Mohave, 
Death  Valley,  and  Lahontan,  reveals  the  various  stages  in  the  recession  of 
grassland  and  this  permits  a  close  approximation  of  the  climatic  gradient 
concerned.  This  has  now  been  checked  by  a  study  of  the  evolution  and 
migration  of  mesophytic  species  of  trees  and  shrubs,  which  confirms  the 
sequence  of  changes  in  grassland  and  climate.  The  continental  scope  of 
such  shifts  is  evidenced  by  the  fact  that  they  can  be  traced  in  the  relation 
of  desert,  grassland,  and  forest  in  southeastern  Arizona,  of  grassland  and 
forest  along  the  eastern  slope  of  the  Rocky  Mountains,  and  of  prairie  and 
woodland  in  the  Mississippi  Valley.  The  mass  migrations  of  the  grassland 
dominants  appear  to  have  been  definitely  synchronized  throughout  this  vast 
region,  and  the  climatic  shifts  to  have  exhibited  the  same  sequence  and  order 
of  intensity.  With  both  was  apparently  associated  a  recent  period  of  in- 
tensive evolution,  such  as  must  have  characterized  the  extension  of  grassland 
climates  throughout  the  Tertiary. 
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An  understanding  of  the  climatic  relation  and  the  movements  of  forest, 
grassland,  and  desert  involves  the  investigation  of  the  origin  and  role  of 
scrub.  The  significance  of  the  latter  has  been  obscured  by  the  fact  that  it 
may  lie  both  above  and  below  the  grassland  climax  in  the  clisere  of  zones, 
or  may  precede  as  well  as  follow  it  in  the  course  of  succession.  The  latter  is 
due  to  the  peculiar  conditions  for  migration,  competition,  and  ecesis  in  broken 
or  rocky  habitats,  while  the  former  is  explained  by  the  fact  that  the  two  kinds 
of  scrub  are  alike  only  in  life-form.  The  chaparral  is  more  mesophytic  than 
grassland,  as  is  indicated  by  its  contact  with  forest,  while  the  desert  scrub  is 
more  xerophytic,  a  fact  reflected  in  the  coextensive  but  seasonal  community 
of  annual  short-grasses.  The  relation  of  grassland  and  scrub  is  also  greatly 
complicated  by  the  action  of  fire  and  grazing.  While  the  general  effect  of 
these  is  clear,  the  detailed  relations  can  be  determined  only  by  experiment. 
Such  studies  are  now  under  way  in  chaparral  burns  of  1924  and  1925  in  the 
Laguna  and  San  Fernando  mountains  of  California,  and  it  is  planned  to 
extend  them  to  other  types  of  scrub  as  rapidly  as  possible. 

Phylogeny  and  Classification  of  Climaxes,  by  F.  E.  Clements. 

The  general  principles  underlying  the  evolution  of  climaxes  were  first 
outlined  in  1916  (Plant  Succession,  pp.  344,  180).  A  distinction  was  drawn 
between  the  phylogeny  and  ontogeny  of  formations,  and  the  latter  constituted 
the  theme  of  the  first  division  of  the  book  (pp.  3-343).  The  nature  and 
significance  of  succession  during  the  geological  past  was  sketched  in  its  main 
features,  but  the  evolution  of  the  actual  climaxes  was  merely  suggested  (pp. 
180,  344),  primarily  to  illustrate  the  proper  basis  for  their  natural  classifica- 
tion. In  consequence  of  the  growing  conviction  that  evolution  was  the 
paramount  theme  of  ecology,  the  phylogeny  and  classification  of  formations 
came  to  assume  much  the  same  importance  as  in  the  case  of  species.  At 
the  same  time  the  rapid  expansion  of  the  field  of  paleo-ecology  furnished  a 
new  entrance  to  the  problem  from  the  fossil  record,  to  supplement  the  ap- 
proach from  the  comparative  study  of  existing  climaxes.  This  two-fold 
attack  has  been  exceedingly  fertile,  and  it  is  now  possible  to  construct  phy- 
logenies  for  the  North  American  climaxes  in  considerable  detail  and  to  sug- 
gest the  chief  features  of  the  circumpolar  ones. 

It  is  obvious  that  the  original  climax  of  Angiosperms  could  not  have  been 
constituted  until  the  new  flora  had  been  evolved  to  a  large  extent  and  had 
attained  dominance  over  some  considerable  area.  Once  this  had  happened, 
its  own  evolution  and  migration  as  a  community  began  in  response  to  climatic 
cycles,  a  process  constantly  interwoven  with  the  evolution  of  its  component 
species.  It  is  practically  certain  that  before  the  opening  of  the  Tertiary,  at 
least  three  great  climaxes,  or  better  eoclimaxes,  were  in  process  of  differentia- 
tion in  the  northern  hemisphere,  and  had  already  passed  over  into  the 
southern.  These  were  grassland,  deciduous  forest,  and  coniferous  forest, 
the  latter  a  survival  through  evolution  of  the  great  gymnosperm  climaxes  of 
the  earlier  Mesozoic.  This  is  not  only  to  be  inferred  clearly  from  the  fossil 
record,  but  it  is  likewise  practically  certain  from  the  distribution  and  relation- 
ship of  existing  climaxes.  The  grasslands  of  North  America  and  of  Eurasia 
have  so  many  species  and  genera  in  common  as  to  leave  no  doubt  of  their 
close  relationship  and  common  origin,  and  to  a  less  degree  this  is  true  of 
those  of  North  and  South  America.     The  deciduous  and  coniferous  forests  of 
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the  two  continents  exhibit  relationships  nearly  or  quite  as  close,  and  their 
original  identity  is  further  strongly  indicated  by  the  fossil  record. 

The  circumpolar  extension  of  each  eoclimax  must  have  involved  land  con- 
nections no  longer  in  existence,  and  its  initial  differentiation  must  have  been 
the  consequence  of  their  disappearance.  Once  divided  into  two  great  con- 
tinental climaxes,  these  underwent  further  evolution  as  a  result  of  orogenic 
movements  and  major  climatic  cycles  to  produce  the  actual  climaxes  of  today. 
Hand  in  hand  with  this  must  have  proceeded  the  evolution  of  deserts  to 
develop  the  characteristic  climaxes  of  the  great  mountain-girt  continental 
masses.  All  of  these  climaxes  are  still  sufficiently  recent  to  bear  many  traces 
of  their  origin.  As  a  consequence,  it  appears  evident  that  the  present  com- 
parative study  of  climaxes  and  their  associations  will  yield  phylogenies  of  the 
same  definite  value  as  in  the  case  of  genera  and  species.  Moreover,  the 
process  of  community  evolution  is  actively  at  work  today,  as  can  be  demon- 
strated in  the  case  of  the  mixed  prairie  in  particular. 

For  obvious  reasons,  this  investigation  is  based  primarily  upon  the  plant 
community,  or,  to  state  it  more  accurately,  upon  the  predominant  plant  phase 
of  the  biome.  There  is  no  reason  to  think  that  the  biome  itself  does  not 
conform  fully  to  the  same  basic  processes  of  phylogeny  and  ontogeny,  even 
though  the  human  interest  that  naturally  attaches  to  the  larger  animals  may 
frequently  obscure  this  fact. 

Development  and  Structure  of  Climax  Formations. 
Plant  Formations  of  Texas,  by  B.  C.  Tharp. 

The  area  under  investigation  this  summer  lies  to  the  northwest  of  a  line 
drawn  from  Austin  through  Refugio  to  Rockport,  this  line  marking  the  south- 
western limit  of  previous  investigations  in  eastern  Texas  from  the  Louisiana 
boundary  to  approximately  the  98th  meridian.  The  objectives  have  been: 
(1)  To  determine  the  limits  of  the  various  plant  formations,  and  the  associa- 
tions of  which  each  is  composed;  (2)  To  list  as  accurately  as  possible  the 
societies  and  other  subdominant  members  of  the  various  associations;  and 
(3)  To  determine,  in  so  far  as  possible  under  field  conditions,  the  importance 
of  the  role  played  by  the  factors  of  light,  water,  temperature,  and  soil.  The 
analysis  of  the  various  habitats  has  been  carried  out  by  means  of  the  stop- 
watch photometer,  wet  and  dry  bulb  thermometers,  and  the  securing  of  soil 
samples  for  analysis  as  to  texture,  water-holding  capacity,  water-content, 
organic  content,  geologic  derivation,  etc.  These  analyses  will  be  made  in 
the  laboratory  during  the  winter. 

Of  the  above  objectives  the  first  has  necessarily  had  chief  place.  No  vegeta- 
tion map  of  Texas,  other  than  of  the  most  general  nature,  has  ever  been 
compiled,  and  the  attainment  of  the  first  objective  will  furnish  data  for  such 
a  map  on  an  accurate  and  detailed  scale.  It  is  hoped  that  this  phase  of  the 
field  work  will  have  been  completed  by  the  end  of  another  season's  investiga- 
tion covering  the  western  and  northwestern  portions  of  the  state. 

The  formations  represented  in  the  area  investigated  this  summer,  in  the 
order  of  their  extent,  are  grassland,  chaparral,  and  woodland.  The  grass- 
land is  almost  wholly  composed  of  the  Bulbilis-Bouteloua  association,  the  latter 
being  represented  by  B.  trifida,  B.  texana,  B.  hirsuta,  and  B.  racemosa,  in 
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the  order  of  importance.  An  Eragrostis-Aristida-Cenchrus  associes  is  to  be 
found  locally  in  deep  sand,  usually  comprising  the  grassland  constituent  of  a 
mesquite  or  an  oak  savannah  in  the  eastern  portion  of  the  area. 

Chaparral,  composed  of  Acacia,  Condalia,  and  Parkinsonia,  is  sufficiently 
dense  over  some  of  the  area  to  be  classed  as  a  formation,  but  in  most  of  the 
territory  occupied  by  the  numerous  species  it  is  so  open  as  to  constitute 
savannah.  To  the  west  of  Devil's  River  Dasylirion  constitutes  an  additional 
member  of  the  community.  In  all  such  cases  the  grassland  is  the  Bulbilis- 
Bouteloua  association. 

Woodland  is  mostly  represented  by  the  oak-hickory  (Quercus-Carya)  asso- 
ciation and  is  found  only  in  the  eastern  portion  of  the  area.  Its  northern 
limit  has  not  as  yet  been  determined.  Throughout  much  of  its  extent  it  is 
represented  by  savannah.  Mesquite  locally  sometimes  constitutes  woodland, 
especially  in  the  southeastern  part  of  the  area,  but  over  most  of  the  area  in 
which  it  is  important,  it  occurs  as  savannah. 

Campulosus-Scleria  (Southern  Upland-bog  or  Savannah)  Associes — 
Distribution  and  Successional  Relations,  by  B.  W.  Wells. 

This  project  embodies  a  survey  of  the  structure  and  successional  relations 
of  typical  grass-sedge  savannahs  of  the  Atlantic  Coastal  Plains,  which  occur 
in  the  region  studied  on  very  fine  sandy  loams  of  the  Wicomico  Terrace  of 
the  middle  Pleistocene.  Extensive  upland  interstream  areas  in  the  south- 
eastern portion  of  the  State  of  North  Carolina  carry  the  above  community. 
Uniformly  associated  with  this  community  of  a  hundred  or  more  species  of 
xerophytes  are  the  environmental  conditions  of  level  topography,  thick  layer 
of  humus  (30  to  35  cm.),  saturated  soil,  and  frequent  (annual  or  biennial)  fires. 

Under  the  influence  of  the  latter  factor,  the  original  Pinus-Ilex-Myrica 
associes  disappears  and  herbaceous  vegetation  takes  its  place.  This  complex 
includes  at  first  numerous  elements  that  are  never  found  on  the  mature 
savannah,  so  that  a  striking  succession  is  observed  here.  Definitely  asso- 
ciated with  the  development  of  the  Campulosus-Scleria  associes  is  the  reaction 
phenomenon  of  an  increase  in  the  thickness  of  the  humus-filled  soil  layer. 
Evidence  has  been  obtained  that  when  protected  from  fire,  the  savannah 
goes  back  to  a  modified  form  of  the  Pinus-Ilex-Myrica  community.  The 
place  of  these  various  upland  communities  in  the  sere  terminating  in  the 
Fagus-Acer  formation  is  being  investigated. 

During  the  season  of  1925  with  the  collaboration  of  Mr.  I.  V.  Shunk, 
quantitative  data  on  the  following  factors  have  been  obtained :  rainfall,  wind, 
light,  temperature,  humidity,  and  significant  soil  factors.  The  data  so  far 
obtained  point  toward  oxygen  deficiency  as  a  prominent  factor  in  the  isolation 
of  the  peculiar  Campulosus-Scleria  community. 

Soil  Factors,  by  I.  V.  Shunk. 

Under  this  project  quantitative  studies  are  being  made  of  total  nitrogen 
and  nitrate  content,  nitrifying  bacteria,  holard  and  echard,  humus  content, 
oxygen,  H-ion  and  mineral-content.  In  addition  to  the  savannah  soil  proper, 
analyses  are  being  made  of  the  soils  of  areas  that  are  in  transition  from  the 
shrub  communitv  to  the  savannah. 
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Distribution  and  Successional  Relations  of  the  Quercus-Aristida 
(Sand  Ridge)  Associes,  by  A.  C.  Martin. 

Occurring  at  the  transition  zones  between  the  Pleistocene  geological  ter- 
races— zones  which  mark  the  former  shore  lines — are  dune  and  interdune 
relics  composed  of  coarse  sandy  soils.  These  areas  carry  a  distinctive  vegeta- 
tion in  the  early  stages  of  the  sere.  Of  especial  interest  are  the  primary 
stages  with  which  is  associated  the  environmental  character  of  bare  areas  of 
white  glistening  sand,  giving  these  localities  a  desert  aspect. 

In  addition  to  the  results  along  successional  lines,  much  has  already  been 
done  in  the  way  of  factor  analysis  supplemented  by  phytometer  work.  The 
data  already  obtained  show  the  most  striking  contrast  to  those  secured  for 
the  savannah  community  by  Wells  and  Shunk.  The  habitat  relations  of 
Dioncea  are  included  in  this  study,  since  it  finds  its  best  development  in  the 
moist  coarse  sand  of  the  interdune  areas  and  closely  related  soil  types. 

Ecological  Anatomy  of  Typical  Species,  by  C.  F.  Williams. 

Material  of  leaf,  stem,  and  root  has  been  obtained  of  50  or  more  typical 
savannah  plants  and  definite  progress  has  been  made  in  the  investigation  of 
the  adaptive  anatomical  structures.  In  addition  to  the  uniform  xeromorphy, 
the  presence  of  aeriferous  tissue  is  noted  in  the  larger  subterranean  organs,  a 
character  that  is  probably  to  be  correlated  with  the  oxygen  deficiency  of  the 
savannah  soil.  In  addition  to  the  investigation  of  the  typical  savannah 
elements,  work  is  also  in  progress  on  the  herbaceous  transition  species  present 
on  areas  recently  opened  up  to  such  species  by  fire. 

Animal  Ecology,  by  Z.  P.  Metcalf. 

Studies  have  been  made  on  the  crayfish  that  occur  in  large  numbers  on 
the  areas  occupied  by  the  above  community.  The  insect  fauna  is  also  receiv- 
ing attention,  especially  the  homopterous  forms,  and  many  striking  facts 
have  been  discovered  in  connection  with  the  distribution  and  habitat  relations. 

Physiographic  Control  in  California  Grassland,  by  A.  G.  Vestal. 

The  recognition  of  a  fairly  simple  physiographic  control  of  distribution  of 
grassland  in  west-central  California  has  led  to  an  inquiry  into  the  role  of 
physiography  in  the  distribution  of  other  communities  in  the  Coast  Range 
especially.  Forest,  grassland,  and  chaparral  live  in  close  juxtaposition  owing 
to  the  fact  that  local  rather  than  general  climatic  factors  exert  the  maximum 
control.  Apart  from  the  obvious  influence  of  slope-exposure  upon  moisture 
conditions,  a  second  kind  of  topographic  differentiation  results  in  greater 
frequency  of  grassland  in  level  or  gently  sloping  areas  with  fine  deep  soil, 
while  chaparral  occurs  in  thin  rocky  soil  of  steep  slopes  or  thinly-covered 
outcrops  of  the  more  resistant  rocks.  This  correlation  of  scrub  or  grassland 
with  depth  and  texture  of  soil  is  well  known  and  of  wide  occurrence,  but  is 
particularly  well  shown  in  this  region. 

In  the  Santa  Cruz  range  the  higher,  rugged,  humid,  central  part  is  domi- 
nated by  redwood  forest.  However,  broad-leaved  forest  is  frequent  upon 
the  upper,  more  exposed  parts  of  north  slopes,  grassland  covers  most  of  the 
broadly-rounded  hill-tops,  and  chaparral  frequently  occupies  the  steep  rocky 
south-facing  slopes.     The  fault-scarp  forming  the  steep  northeast  front  of 
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the  main  ridge  is  dominated  by  "north-slope  chaparral"  (mesophytic  shrubs 
with  scattered  trees),  with  forest  in  places.  The  abrupt,  intricately  dis- 
sected lower  slopes  of  a  section  of  this  scarp,  with  sharp  spur-crests  and  thus 
practically  no  areas  of  deep  stable  soil,  form  an  unbroken  mass  of  chaparral. 
Such  areas  are  relatively  local  in  this  range,  but  are  more  extensive  in  the 
Santa  Lucia,  Santa  Ynez,  and  other  ranges  to  the  south  or  east  with  lower 
rainfall  and  less  forest. 

Areas  of  subdued  topography  characterized  chiefly  by  grassland  are  the 
result  of  more  advanced  stages  of  the  erosion  cycle  in  weak  sandstone  or 
shale  substrata,  or  of  the  preservation  in  higher  parts  of  the  Santa  Cruz 
range  of  remnants  of  older  pene planed  surfaces.  Extensive  rolling  areas 
dominated  by  grassland  are  locally  varied,  as  on  north  slopes,  more  com- 
monly by  the  presence  of  tree  growth  than  of  chaparral.  The  grassland  areas 
of  the  range  may  be  listed  as  follows:  (1)  Isolated  hill-tops,  stream-bottoms, 
and  the  more  extensive  rolling  uplands  in  the  higher  forested  part.  (2)  The 
lower  broad  outer  ridges  at  the  north  end  along  the  northeast  front,  paral- 
leling the  San  Andreas  fault  valley  for  27  miles  to  the  southeast.  Its  grass- 
land is  especially  well  preserved  in  the  numerous  outcrops  of  serpentine, 
possibly  because  of  the  very  fine  texture  of  the  soil.  (3)  The  gently  rolling 
foothills  below  this  ridge,  along  almost  the  entire  front,  with  the  exception 
of  certain  gravelly  hills  below  the  chaparral  mass,  which  likewise  had  chaparral 
originally.  (4)  The  plateau-like  area  of  rounded  hills  of  moderate  elevation 
on  the  seaward  slope  of  the  northwestern  half  of  the  range  is  practically 
coextensive  with  a  certain  formation  of  easily  eroded  sandstones  and  shales. 
Its  exposed  surfaces  are  nearly  devoid  of  shrubs  and  trees,  in  large  part  due 
to  strong  sea  winds. 

In  other  ranges  the  same  general  relation  of  topography  and  vegetation  is 
observed  with  increasing  proportion  of  grassland  and  chaparral  as  rainfall 
becomes  less,  but  with  essentially  the  same  topographic  relation  of  the  two 
life-forms. 

BIO-ECOLOGY. 

Rodent  Damage  on  Arizona  Ranges,  by  W.  P.  Taylor  and  J.  V.  G.  Loftfield. 

Considerable  work  was  done  during  the  year  both  on  the  experimental 
inclosures  in  northern  Arizona  (at  Coconino,  Williams,  and  Seligman)  and  on 
those  in  the  southern  part  of  the  State  (at  the  U.  S.  Range  Reserve,  Santa 
Rita  Mountains).  The  Williams  plots  continue  to  show  more  conspicuous 
results  than  either  of  the  other  locations  in  northern  Arizona.  During  the 
present  spring  season  the  growth  of  squirrel-tail  and  June-grass  was  especially 
heavy  at  the  total  protection  plot  at  this  point.  Practically  no  grasses,  except 
the  all-pervasive  blue  grama,  could  be  found  in  the  rodent-grazed  area,  due 
to  the  work  of  prairie-dogs  (Cynomys  gunnisoni  zuniensis).  Indeed,  the 
amount  of  grazing  by  prairie-dogs  inside  this  plot  closely  resembled  that  by 
both  cattle  and  prairie-dogs  outside.  The  contrasts  were  visible  for  a  mile 
and  half,  and  attracted  much  attention  from  Forest  Service  officials,  rodent- 
control  men,  and  stockmen  in  the  vicinity. 

The  winter  and  spring  seasons  in  southern  Arizona  were  periods  of  critical 
drought.  This  heightened  contrasts  between  the  grasses  in  the  total  protec- 
tion area  at  inclosure  1,  and  those  in  the  adjoining  rodent-grazed  tract,  and, 
in  fact,  made  conditions  favorable  for  the  study  of  rodent  and  lagomorph 
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activities  in  the  biotic  complex.  The  principal  grazing  animals  native  to 
this  region  are  the  jack-rabbits  (here  principally  Lepus  alleni)  and  kangaroo- 
rats  (chiefly  Dipodomys  spectabilis  spectabilis).  A  series  of  20  meter-quadrats 
was  charted  at  intervals  on  a  transect  through  the  total  protection  and  rodent- 
grazed  areas.  Although  it  is  too  early  to  announce  the  quantitative  results, 
they  promise  to  show  in  striking  manner  the  amount  and  precise  character 
of  the  work  of  jack-rabbits  on  the  grazing  range. 

Table  2. 


Percentage  of  area  covered  by 

grass. 

Percentage  of  grass  grazed. 

Boute- 
loua 
roth- 
rocki. 

Aris- 

tida 

divari- 

cata. 

Aris- 
tida 
cali- 
fornica. 

Totals. 

Boute- 
loua 
roth- 
rocki. 

Aris- 

tida 

divari- 

cata. 

Aris- 
tida 
cali- 
fornica. 

Totals. 

Rodent  grazed 

0.336 
1.856 

0.132 

0.416 
.154 

.140 

0.586 
.134 

.000 

1.338 
2.144 

0.272 

0.00 
74.5 

100.0 

0.00 
100.0 

100.0 

0.00 
100.0 

100.0 

0.00 

81.5 

100.0 

Cattle       and       rodent 
grazed 

The  importance  of  this  bio-ecological  work  is  increasingly  apparent. 
There  is  urgent  need  for  a  treatise  on  principles  and  methods.  Ecological 
work  in  botany  has  been  advanced  to  a  high  point  of  effectiveness.  Excellent 
methods  are  being  devised  on  the  animal  side  also,  though  much  less  work 
has  been  done  than  with  plants.  The  unity  of  plants  and  animals  in  the 
biome  should  be  increasingly  recognized.  There  should  be  a  more  aggres- 
sive, comprehensive,  and  effective  attack  on  the  problems  of  bio-ecology  as  a 
whole.  Without  this  it  is  felt  that  the  solution  of  some  of  the  principal 
problems  of  range  maintenance  will  be  impossible. 

Distribution  and  Role  of  Mammals  in  Climax  Communities,  by  L.  R.  Dice. 

Field  study  of  the  mammals  of  the  major  ecologic  communities  of  Colorado 
was  carried  on  from  June  to  September.  An  attempt  was  made  to  complete 
this  season  the  field  study  of  the  mammals  of  the  major  communities  of 
Colorado  east  of  the  Continental  Divide.  The  principal  localities  where 
studies  have  been  made  were  Orchard,  Akron,  Burlington,  Buena  Vista, 
Rocky  Mountain  National  Park,  La  Veta,  and  Fort  Garland. 

In  northern  Colorado,  east  of  the  Continental  Divide,  the  ecological  distri- 
bution of  the  mammals  seems  to  agree  with  the  climaxes  described  by  Clements1 
(1920:105),  prairie,  montane  forest,  subalpine  forest,  and  alpine  meadow. 
As  would  be  expected,  however,  the  differences  in  mammal  species  between 
the  two  forest  belts  are  not  so  marked  as  between  the  forest  and  either  the 
prairie  or  the  alpine  summits. 

A  notable  ecologic  feature  in  Colorado  is  the  presence  of  numerous  grassy 
"parks"  in  the  high  mountains,  which  are  extensions  of  the  mixed  prairie 
climax.  These  permit  prairie-dogs,  ground-squirrels,  and  other  prairie 
animals  in  places  to  reach  altitudes  as  high  as  10,000  feet. 

1  F.  E.  Clements,  Plant  Indicators,  1920. 
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In  southeastern  Colorado  another  important  community,  the  pinyon- 
cedar  woodland,  is  present  in  addition  to  the  other  climaxes  found  also  in 
northern  Colorado.  As  a  rule  this  is  more  or  less  interrupted  and  subclimax 
in  nature.  In  the  arid  San  Luis  Valley  many  of  the  mammals  are  forms 
differing  from  those  of  the  Great  Plains.  This  valley  differs  in  a  number  of 
respects  from  the  parks  of  central  and  northern  Colorado,  as  well  as  the 
Great  Plains,  in  spite  of  the  fact  that  it  too  was  originally  mixed  prairie. 

Field  Studies  of  Anthophora  occidentalis,  by  Frances  L.  Long. 

Colonies  of  Anthophora  occidentalis  are  usually  located  in  exposed  banks, 
where  the  nests  are  excavated  to  a  depth  of  6  to  8  inches,  ending  in  one  or 
two  rounded  chambers.  The  opening  is  commonly  marked  by  a  chimney 
about  4  cm.  long  built  up  from  part  of  the  soil  removed.  There  is  usually  a 
slit  along  the  upper  surface,  though  the  few  chimneys  that  curve  upward 
are  mostly  solid.  The  chimneys  are  granular  and  show  rough  rings  cor- 
responding to  the  successive  loads  of  soil  plastered  on.  The  bees  scrape  out 
the  loosened  soil  from  the  burrow  by  backing  out  and  thus  bringing  the  flat- 
tened legs  into  use  as  scoops.  When  the  end  of  the  chimney  is  reached,  the 
soil  is  pushed  into  place  by  the  tip  of  the  abdomen  and  moistened  liberally. 
The  amount  of  water  thus  used  is  large  and  the  masons  make  frequent  trips 
to  streams  to  replenish  the  supply. 

At  the  end  of  the  tunnel  is  the  bottle-shaped  larval  chamber  with  polished 
waterproof  walls,  lined  with  a  translucent  cement,  which  may  be  washed 
free  from  the  surrounding  soil.  This  chamber  is  first  stored  with  dry  pollen 
collected  chiefly  from  Argemone  and  Helianthus.  Finally  the  mass  is  moistened 
to  the  consistency  of  cream  and  the  egg  deposited.  This  fluid  mass  soon 
ferments  and  then  constitutes  the  food  of  the  single  larva.  The  burrows 
are  sealed  by  a  cap  consisting  of  compressed  leaf-tissue  in  which  the  stellate 
hairs  of  Solanum  rostratum  are  most  conspicuous  and  may  serve  as  a  binding 
material. 

While  the  day's  work  was  in  progress,  various  bees  were  marked  with 
colored  chalk  dust  and  their  journeys  recorded  and  timed.  The  length  of 
time  required  for  trips  afield  varied  from  30  seconds  to  an  hour,  presumably 
according  to  the  distance  and  abundance  of  the  flowers.  The  time  required 
in  the  nest  for  unloading  was  also  variable,  being  from  5  seconds  to  40  minutes. 
The  workers  usually  returned  with  the  pollen-baskets  well  filled  and  dived 
for  their  chimneys,  entering  without  hesitation  unless  the  surroundings  had 
been  disturbed  enough  to  result  in  confusion  or  error.  Individuals  would 
frequently  carry  pollen  for  a  time  and  then  return  merely  with  a  load  of 
nectar  or  water. 

Anthophora  colonies  are  frequented  by  several  species  of  Sphecodes,  which 
carry  on  their  own  work  of  excavation  and  storage  of  paralyzed  insects  with- 
out regard  to  the  bees.  The  conspicuous  parasites  are  Dasymutilla  fulvohirta 
and  Melecta  interrupta,  while  plundering  ants  are  numerous  and  active. 

Habits  and  Reactions  of  Scaphiopus  hammondi,  by  G.  W.  Goldsmith. 

Studies  have  been  continued  on  this  interesting  amphibian  of  xerophytic 
habitats.  During  rainy  nights  the  majority  of  the  population  are  afield. 
These  foragers  dig  into  the  ground  before  day  and  may  be  located  by  the 
newly  dug  mounds  the  following  morning.     By  locating  these  mounds  it  is 
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possible  to  obtain  specimens  and  to  collect  data  upon  the  normal  food  habits, 
abundance,  distribution,  and  rate  of  migration.  Individuals  kept  in  in- 
closures  are  unable  to  secure  sufficient  food,  partly  because  of  the  limited 
area  and  also  because  the  screen  prevents  the  entrance  of  the  usual  supply 
of  insects. 

The  exact  period  when  the  spring  breeding  occurs  depends  upon  rainfall 
sufficient  to  fill  temporary  pools,  and  during  the  dry  spring  of  1925  was 
delayed  in  the  region.  Finally,  the  pools  were  filled  by  local  showers  so 
that  localities  but  a  few  kilometers  apart  offered  opportunities  for  breeding 
at  very  different  times.  In  some  cases  these  showers  were  sufficient  to  develop 
many  mature  toads,  but  usually  the  pools  were  too  transient  to  permit  com- 
plete development  of  later  eggs.  As  a  consequence,  the  first  generation  of  larvae 
was  destroyed,  but  later  rains  brought  about  the  development  of  a  second  one. 

When  the  individuals  leave  the  breeding  pool,  they  migrate  up  the  sur- 
rounding slopes,  usually  moving  along  the  drainage  lines  into  the  pool. 
Toward  autumn  activity  lessens  and  many  individuals  do  not  emerge  each 
night.  All  surface  insects  are  used  for  food,  ants  of  the  genus  Atta  being  the 
most  commonly  taken. 

PALEO-ECOLOGY. 
Principles  and  Methods  in  Paleo-Ecology,  by  F.  E.  Clements  and  R.  W.  Chaney. 

In  consequence  of  the  reciprocal  relation  between  the  present  and  the  past, 
the  coordination  of  all  ecological  projects  on  the  basis  of  experimental  evolu- 
tion permits  a  more  exact  and  significant  organization  of  the  field  of  paleo- 
ecology.  To  effect  evolution  in  control  experiments  or  to  trace  it  in  natural 
ones  is  the  one  certain  method  of  reconstructing  it  in  the  past,  and  hence 
paleo-ecology  can  be  rendered  definite  and  trustworthy  only  in  proportion 
as  ecology  itself  advances.  The  experimental  production  of  change,  whether 
of  process,  organ,  or  organism,  affords  the  only  conclusive  evidence  as  to  its 
original  development,  and  hence  must  furnish  the  ultimate  basis  for  the 
investigation  of  the  past.  Fortunately,  this  was  clearly  perceived  in  the 
first  organization  of  the  field  of  paleo-ecology  (Clements,1 1916;  1918),  and  the 
further  development  of  the  latter  requires  increased  accuracy  and  greater 
momentum  rather  than  a  change  of  methods  or  objectives. 

As  already  indicated,  the  evolution  of  climaxes  as  well  as  species  on  the 
North  American  continent  demands  a  greater  knowledge  of  related  forms  in 
Eurasia,  and  especially  in  northeastern  Asia.  This  has  been  one  of  the 
objectives  of  a  first-hand  study  of  the  climaxes  and  dominants  of  China  and 
Mongolia  during  the  present  field  season.  This  is  expected  not  only  to  throw 
light  upon  the  circumpolar  continuity  of  the  eoclimaxes,  but  also  to  confirm 
at  least  the  general  course  of  their  evolution,  in  connection  with  that  of  their 
dominant  and  subdominant  species.  The  extent  to  which  these  are  identical 
or  reciprocal  on  the  two  continents  and  to  which  their  phyletic  connection 
can  be  demonstrated  by  experiment  will  have  a  direct  bearing  upon  the 
correlation  of  former  land  connections,  mass  migrations,  and  major  climatic 
cycles. 

A  preliminary  survey  has  been  made  of  a  remarkable  peat  cosere  in  the 
Laguna  Mountains  of  southern  California,  and  a  number  of  samples  collected 

1F.  E.  Clements,  Plant  Succession,  Carnegie  Inst.  Wash.  Pub.,  No.  242:  180,  344,  1918; 
Scope  and  significance  of  paleo-ecology,  Bull.  Geol.  Soc.  Am.  29;  369,  1918. 
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for  the  identification  of  the  constituent  species  in  the  different  layers.  The 
major  stases  number  twelve  or  more,  representing  as  many  successive  hydro- 
seres,  and  within  several  of  these  occur  thinner  laminge  suggestive  of  minor 
climatic  cycles.  It  seems  probable  that  climatic  and  physiographic  causes 
have  cooperated  in  producing  this  long  record  of  succession  in  a  former  valley 
lake. 

Among  the  other  projects  that  have  received  attention  during  the  year,  the 
chief  have  been  the  further  application  of  the  principles  and  methods  of 
paleo-ecology  to  the  Tertiary  formations  of  the  West  (Chaney,1  1925),  the 
reconstruction  of  the  grassland  climaxes  during  the  Tertiary  and  their  cor- 
relation with  the  evolution  of  ungulates,  and  a  comprehensive  outline  of  the 
field  of  paleo-climatology  on  the  basis  of  cycles,  especially  cycles  of  vegeta- 
tion, tree-growth,  rainfall,  and  sedimentation. 

RESEARCH  AND  INTRODUCTION  OF  ECONOMIC  PLANTS. 

The  projects  in  this  field  are  being  reorganized  and  extended  in  the  light 
of  results  obtained  from  the  researches  in  evolution,  taxonomy,  and  physiologic 
efficiency.  The  major  projects  comprise  the  investigation  of  latex  and  rubber 
production  in  native  species,  of  the  resins  and  essential  oils  of  xerophytes  in 
particular,  of  hay-fever  plants  in  both  the  Pacific  Coast  and  Rocky  Mountain 
regions,  of  the  improvement  of  the  native  grasses  and  forage  plants  of  the 
western  ranges,  and  the  development  and  introduction  of  promising  native 
vegetables,  fruits,  and  ornamentals.  These  are  restricted  primarily  to  the 
fundamental  studies  involved,  the  application  or  utilization  of  the  results 
being  made  under  various  cooperative  arrangements.  Because  of  the  lack 
of  space,  a  single  group  of  such  studies  is  reported  for  the  current  year. 

Economic  Plants,  by  H.  M.  Hall. 

Studies  of  rubber  and  fiber  plants  have  been  continued  in  collaboration 
with  the  United  States  Department  of  Agriculture.  The  major  interest  has 
centered  on  Asclepias  subulata,  a  desert  milkweed  which  yields  rubber  as  well 
as  pulp  suitable  for  the  manufacture  of  paper.  Experiments  conducted  by  the 
Government  on  the  Colorado  Desert  are  tending  to  show  that  this  may  become 
an  important  crop  for  the  arid  southwest.  Many  hundred  analyses  show  wide 
variation  in  rubber  content  at  different  places,  indicating  probable  diverse 
strains  that  should  prove  suitable  for  breeding.  There  is  no  fluctuation  in 
percentage  content  during  the  year  for  any  one  plant.  The  plants  grow 
rapidly  and  regenerate  freely  when  mown.  The  rate  of  growth  of  seedlings 
and  pollarded  plants  is  encouraging,  the  dry  weight  increasing  100  to  500 
per  cent  in  11  months.  Tests  of  an  ecologic  nature  are  being  extended  and 
breeding  to  secure  better  sorts  has  been  instituted.  Chrysothamnus  is  being 
grown  at  Fallon,  Nevada,  and  at  several  stations  in  California,  but  since 
this  is  less  promising  than  the  milkweed,  the  plantings  will  not  be  increased 
for  the  present. 

1  R.  W.  Chaney,  A  comparative  study  of  the  Bridge  Creek  flora  and  the  modern  redwood  forest, 
Carnegie  Inst.  Wash.  Pub.  No.  337:  3,  1925;  The  Mascall  flora — Its  distribution  and  climatic 
relation,  lb.  25. 
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Hay-fever  plants  continue  as  a  subject  of  investigation  and  the  lists  pre- 
viously prepared  for  the  western  states  are  being  revised  as  the  result  of 
further  field  observation.  Especial  attention  is  given  to  the  botanical  rela- 
tionships of  the  species  that  enter  into  the  hay-fever  flora,  since  it  has  been 
demonstrated  that  this  furnishes  the  basis  for  an  understanding  of  group 
reactions  in  pollen  therapy. 

In  connection  with  a  visit  to  southern  France  for  other  purposes,  op- 
portunity was  taken  to  make  a  preliminary  study  of  the  culture  of  truffles, 
with  a  view  to  the  possible  introduction  of  the  industry  into  America.  This 
was  done  at  the  suggestion  of  Doctor  Walter  T.  Swingle,  of  the  United  States 
Department  of  Agriculture.  Information  was  obtained  in  the  field  as  to 
the  conditions  under  which  the  fungus  is  best  grown  and  also  as  to  methods 
of  culture,  harvesting,  and  preparation  for  the  market. 

Inquiry  was  also  made  into  the  methods  of  producing  and  curing  citron, 
the  fermented  peel  of  certain  citrous  fruits.  A  scientific  basis  for  successful 
curing  has  been  developed  by  Hollande  and  Chadefaux  of  the  University  of 
Montpellier,  who  have  furnished  detailed  information  of  much  value  and 
have  supplied  pure  cultures  of  the  best  strains  of  the  yeast  and  bacillus  con- 
cerned in  the  fermentation  process.  The  cultures  have  been  turned  over  to 
Doctor  Swingle,  at  whose  suggestion  the  inquiry  was  made,  and  are  now 
being  utilized  in  practical  studies  at  Washington. 


GEOLOGY. 

Chamberlin,  T.  C.     University  of  Chicago,  Illinois.     Study  of  fundamental 
problems  in  geology.     (For  previous  reports  see  Year  Books  Nos.  2-23.) 

The  main  work  of  the  year  has  related  to  the  primitive  shaping  of  the 
earth,  following  its  genesis  along  the  lines  of  the  planetisimal  hypothesis. 
The  special  questions  have  concerned  the  origin  and  evolution  of  those  large 
features  of  the  earth  whose  natures  seem  to  be  at  variance  with  the  normal 
development  of  such  a  body  under  the  simple  control  of  gravity  and  rotation 
acting  on  material  in  a  liquid  or  highly  plastic  state.  Only  very  large  features 
have  been  considered,  such  as  hemispheres,  oceanic  basins,  continents,  world- 
belts,  and  the  like,  because  features  of  this  order  of  magnitude  can  not  depart 
widely  from  the  demands  of  gravity  and  rotation  unless  the  earth's  matter  has 
a  strength  and  stiffness  higher  than  that  assignable  to  molten  or  highly 
plastic  rock.  It  is  quite  obvious  that  an  earth  built  up  slowly  by  the  accre- 
tion of  planetesimals  in  a  solid  state  (liquefied  only  locally  or  partially  without 
destroying  the  prevailing  state  of  solidity)  would  be  quite  sure  to  grow  into 
shapes  rather  markedly  different  from  those  that  would  be  assumed  if  the 
whole  earth  were  once  liquid  or  highly  plastic.  This  difference  of  shaping 
would  affect  the  internal  distribution  of  dense  and  light  material  as  well  as 
surficial  bulging  and  flattening  assignable  to  rotation. 

The  inquiry  has  related,  therefore,  to  irregularities  of  the  larger  order  which 
are  thought  to  characterize  accretional  growth,  especially  those  great  features 
of  relief  that  initiated  the  geological  processes  of  erosion  and  sedimentation 
and  determined  the  conditions  that  have  controlled  the  larger  aspects  of  life 
development.  This  work  is  in  some  sense  the  culmination  of  the  cosmological 
studies  that  have  gone  before,  for  when  the  constitution  of  the  earth's  body 
and  the  great  features  of  its  relief  once  took  shape,  all  subsequent  history  was 
largely  predetermined.  The  meaning  of  the  features,  which  made  the  chief 
subject  of  study  during  the  year,  has  been  much  in  mind  in  the  preceding 
investigations  and  the  significance  of  many  peculiarities  has  seemed  clear, 
but  some  features  are  so  peculiar,  from  every  point  of  view,  that  their  origin 
has  heretofore  seemed  very  obscure  and  their  elucidation  very  difficult.  For 
example,  while  belt-like  features  normal  to  the  polar  axis  are  natural  expres- 
sions of  rotation,  and  are  well  shown  in  the  cloud  belts  of  Jupiter  and  Saturn, 
they  only  appear  on  the  earth  where  the  forces  of  rotation  are  feeblest;  they 
are  wanting  where  these  are  strongest,  to-wit:  at  the  south  pole,  there  is  a 
notable  protuberance  (Antarctica)  girdled  by  the  great  trough  in  which  lies 
the  southern  ocean;  and  at  the  north  pole,  there  is  a  semi-oceanic  basin  girt 
about  by  a  ring  of  land.  In  the  middle  and  low  latitudes,  where  rotational 
effects  are  normally  greatest,  belting  practically  disappears,  and  phenomena 
quite  at  variance  with  a  simple  expression  of  rotation  are  presented.  Another 
of  the  anomalous  features  is  the  well-known  but  much  neglected  division  of  the 
earth's  surface  into  one  hemisphere  containing  nearly  all  the  great  protuber- 
ances and  another  containing  the  majority  of  the  great  oceanic  basins,  or  a 
land  hemisphere  and  water  hemisphere,  or  a  light  hemisphere  and  a  heavy 
hemisphere.  In  itself  this  would  be  abnormal  in  any  highly  pliant  rotating 
body,  but  it  becomes  very  singular  when  it  is  noted  that  the  contrasted  hemi- 
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spheres  are  set  obliquely  to  the  axis  of  rotation.  If  a  line  be  drawn  from  the 
center  of  the  basin  hemisphere  to  the  center  of  the  protrusive  hemisphere,  it 
will  cross  the  equator  at  an  angle  of  30°  or  so.  Still  another  strange  feature 
is  a  peculiar  diastrophic  mid-belt  (closely  corresponding  to  "Libbey's  Circle" 
but  not  identical  with  it)  which  stands  nearly  normal  to  the  axis  joining  the 
land  hemisphere  and  the  water  hemisphere  but  oblique  to  the  axis  of  rotation. 
When  to  these  anomalies  of  the  hemispherical  order  of  magnitude  are  added 
the  north-south  pairing  of  the  continents  and  oceanic  basins  and  their  offset 
positions,  the  combination  becomes  distinctive  to  an  unusual  degree.  Such 
an  extraordinary  combination  can  scarcely  point  back  to  any  but  a  very 
specific  genesis.  The  shaping  of  the  earth  in  this  unique  fashion  has  been 
made  the  central  subject  of  the  inquiries  of  the  year. 

It  was  at  first  hoped  that  a  brief  but  fairly  adequate  statement  of  the  modes 
of  origin  and  development  of  this  singular  group  of  great  features  could  be 
added  here,  but  it  has  been  found  impossible  to  do  it  within  the  limits  ap- 
propriate to  this  report  of  progress.  It  can  only  be  reported  that,  following 
strictly  the  logical  leadings  of  the  planetesimal  hypothesis,  satisfactory  solu- 
tions have  been  reached.  They  are  being  put  in  form  for  publication  as  fast 
as  due  care  will  permit. 

Udden,  J.  A.,  University  of  Texas.  Study  of  the  laminated  structure  of  certain 
drill  cores  obtained  from  the  Permian  rocks  of  Texas,  with  'particular 
reference  to  the  bearing  of  the  stratigraphic  sequence  upon  problems  of 
climatic  variation. 

The  location  of  this  boring  is  about  17  miles  west-northwest  from  Toyah,  a 
station  of  the  Texas  Pacific  Railway.  It  was  drilled  to  a  depth  of  3,705  feet. 
A  paper  giving  a  description  of  the  general  nature  of  the  strata  explored  by 
this  boring  was  published  by  the  writer  in  the  Bulletin  of  the  Geological 
Society  of  America  (vol.  35,  pp.  347-354,  June  30,  1924).  Measurements  on 
the  thickness  of  the  layers  in  the  laminated  anhydrite,  which  was  the  thickest 
single  formational  unit  penetrated  by  the  boring,  have  been  made  and  it  is 
believed  that  each  layer  represents  some  time  unit — possibly  a  year — and  the 
object  was  to  find  if  there  occur  any  cycles  of  variation  in  the  sedimentation 
of  the  time,  such  as  might  lead  to  a  conclusion  with  regard  to  the  length  of 
time  represented  by  each  layer.  This  work  is  in  progress,  but  no  definite 
results  have  so  far  been  obtained. 

Measurements  were  secured  by  the  use  of  an  objective  micrometer  ruled  to 
single,  tenths,  and  hundredths  millimeters.  The  micrometer  was  superimposed 
directly  on  the  cores  and  readings  were  made  in  a  binocular,  magnifying  the 
field  about  20  diameters.  The  measurements  were  recorded  in  numbers  and 
were  also  marked  off  on  a  corresponding  scale  on  sectioned  paper.  From  this 
the  thickness  of  each  successive  layer  could  later  be  read  and  verified  from 
profile  at  leisure.     Only  certain  parts  of  the  cores  have  been  measured. 

Dr.  E.  L.  Dodd,  Professor  of  Actuarial  Mathematics,  has  assisted  in  the 
mathematical  treatment  of  the  data  accumulated,  and  Miss  Lelia  Lambert 
has  continued  to  make  measurements  and  she  also  has  made  some  calculations 
under  Dr.  Dodd's  supervision. 


HISTORY. 

Rogers,  Robert  W.,  Madison,  New  Jersey.     Study  of  the  problems  of  the 
history  of  Ancient  Persia.     (For  previous  report  see  Year  Book  No.  23.) 

Work  upon  researches  in  the  history  of  Ancient  Persia  has  been  continued 
with  thoroughness  and  is  almost  completed.  Two  recent  investigations  by 
other  scholars  make  it  necessary  to  reexamine  certain  points  connected  with 
Alexander  the  Great  and  the  Persian  Empire,  which  will  be  done  at  Oxford 
and  Cambridge  during  the  summer. 

Stuart,  Graham  H.,  Stanford  University,  California.     Investigation  on  the 
governmental  system  of  Peru. 

Leaving  the  United  States  on  June  28,  1924,  and  arriving  in  Lima,  July  15, 
work  was  immediately  commenced  on  an  investigation  on  the  Governmental 
System  of  Peru,  making  use  of  the  excellent  facilities  furnished  by  the  library 
of  the  University  of  San  Marcos. 

Assistance  was  rendered  in  all  constitutional  aspects  of  the  study  by  Dr. 
M.  V.  Villaran,  former  president  of  the  University  and  the  leading  authority 
on  constitutional  law  in  Peru.  He  read  and  discussed  the  entire  manuscript 
as  it  was  being  written. 

President  A.  B.  Leguia  furnished  opportunity  for  a  first-hand  impression 
of  the  administrative  departments,  and  a  trip  to  Mollendo,  Arequipa,  Puno, 
and  Cuzco  made  possible  a  study  of  the  system  of  municipal  and  territorial 
government. 

A  paper  summarizing  the  investigation  was  delivered  before  the  Second 
Pan-American  Scientific  Congress  which  met  in  Lima  in  December  1924. 
The  final  report  is  in  press  as  a  monograph  by  the  Carnegie  Institution  and 
entitled  the  Governmental  System  of  Peru. 
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Sarton,   George,   Cambridge,   Massachusetts.     Associate  in  the  history   of 
science.     (For  previous  reports  see  Year  Books  Nos.  18-23.) 

The  present  (seventh)  report  covers  the  period  extending  from  July  1, 
1924,  to  June  30,  1925.  Dr.  Sarton  sailed  for  Europe  on  June  6,  1925, 
planning  to  spend  a  couple  of  months  in  the  Netherlands,  Belgium,  England, 
and  France. 

1.  Introduction  to  the  History  and  Philosophy  of  Science. — Investigations 
relative  to  the  whole  development  of  science  from  the  ninth  century  b.  c. 
to  the  end  of  the  fifteenth  century  are  practically  complete. 

The  earlier  Arabic  notes  were  corrected  by  Professor  Duncan  B.  Mac- 
donald  (Hartford  Theological  Seminary),  but  as  the  work  progressed  the 
Arabic  material  increased  at  such  rate  that  Dr.  Sarton  decided  to  study  that 
language  and  (barring  palseographical  difficulties)  he  can  now  read  almost 
everything  in  Arabic,  if  given  sufficient  time. 

Some  of  the  Hebrew  notes  have  been  corrected  by  Professor  H.  A.  Wolfson 
(Harvard) ;  the  Sanskrit  and  Pali,  by  Professor  J.  H.  Woods  (Harvard) ;  the 
Chinese  by  Dr.  Yuen  R.  Chao  (Peking)  and  Mr.  Fang  Kang  Huang  (Har- 
vard). Thus  the  greatest  part  of  the  oriental  material  is  already  corrected, 
the  names  being  transcribed  in  a  standard  way.  The  Syriac,  Persian,  and 
Japanese  notes,  and  a  few  others,  are  still  in  need  of  revision.  Gratitude  is 
expressed  to  the  colleagues  and  other  scholars  who  have  been  so  generous  with 
their  expert  knowledge  of  recondite  subjects. 

2.  The  Publication  of  Isis. — During  the  past  year  six  numbers  of  Isis  have 
been  edited,  forming  the  end  of  volume  6  (pp.  133-664)  and  the  beginning 
of  volume  7  (pp.  1-368),  a  total  of  900  pages.  They  contain  22  original 
papers,  19  shorter  communications,  63  reviews,  and  2,454  bibliographic  notes. 
The  bibliographical  work  was  done  with  the  assistance  of  the  following 
scholars:  A.  Birkenmajer  (Cracow),  A.  K.  Coomaraswamy  (Boston),  F. 
Dannemann  (Bonn),  L.  Guinet  (Brussels),  Graf  Klinckowstroem  (Munich), 
F.  G.  Koenig  jr.  (Munich),  D.  B.  Macdonald  (Hartford,  Conn.),  J.  Lefrancq 
(Brussels),  P.  Masson-Oursel  (Paris),  R.  M.  May  (Paris),  J.  Ruska  (Heidel- 
berg), H.  M.  Sheffer  (Cambridge,  Mass.),  J.  Stephenson  (Edinburgh),  H. 
Wieleitner  (Augsburg),  H.  A.  Wolfson  (Cambridge,  Mass),  J.  K.  Wright 
(New  York).  It  is  worth  while  mentioning  that  the  last  number  of  volume  6 
contains  an  elaborate  index  to  volumes  4,  5,  and  6.  This  index  forms  the 
best  key  to  the  vast  literature  devoted  to  the  Philosophy  and  History  of 
Science  and  Civilization,  a  literature  which  is  not  otherwise  centralized  but 
scattered  in  countless  periodicals. 

3.  Lectures. — A  few  lectures  were  delivered  at  Wellesley,  Smith,  and  Vassar 
Colleges  and  a  series  of  48  lectures  at  Harvard  University.  The  Harvard 
lectures  dealt  primarily  with  modern  science,  that  is,  with  the  scientific  dis- 
coveries of  the  last  two  centuries. 
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Bjerknes,  V.,  Bergen,  Norway.  Preparation  of  a  work  on  the  application  of 
the  methods  of  hydrodynamics  and  thermodynamics  to  practical  meteorology 
and  hydrography.     (For  previous  reports  see  Year  Books  Nos.  5-23.) 

The  atmospheric  disturbances  and  their  connection  with  the  atmospheric 
surfaces  of  discontinuity  have  been  the  main  subjects  discussed  in  the  last 
four  or  five  annual  reports.  The  principal  results  have  been  found  on  the 
daily  synoptic  maps  drawn  for  the  practical  forecasting  work  for  Western 
Norway.  On  account  of  the  unavoidable  incompleteness  of  these  maps,  the 
results  have  been  obtained  largely  by  interpolations  and  extrapolations,  and 
the  verifications  have  been  of  a  more  or  less  indirect  nature. 

For  the  direct  control  of  the  results,  and  for  their  further  working  out  in 
detail,  much  more  complete  observations  are  required,  both  from  the  ground 
and  from  the  higher  levels.  The  collection  of  these  observations  by  cor- 
respondence with  individual  meteorological  institutes  and  stations  is  exceed- 
ingly laborious  and  has  impeded  and  retarded  very  much  the  achievement  of 
the  work  of  control  and  of  more  detailed  information.  During  the  year  two 
papers,  which  have  been  in  preparation  for  several  years,  have  appeared. 

Diagnostic  and  Prognostic  Application  of  Mountain  Observations  (Geofy- 
siske  Publikationer,  vol.  Ill,  No.  6),  by  J.  Bjerknes,  was  referred  to  in 
Year  Book  No.  22.  It  gives  a  very  complete  examination  of  the  atmos- 
pheric disturbances  passing  the  Alps  in  the  days  January  31  to  February  2, 
1913.  The  numerous  mountain  stations  have  made  it  possible  to  follow  in 
detail  the  motion  in  space  of  the  surface  of  discontinuity,  instead  of  following 
merely  the  corresponding  line  of  discontinuity  by  use  of  the  ordinary  sta- 
tions near  sea-level.  The  main  result  has  been  a  general  confirmation  of  the 
conceptions  obtained  by  the  extrapolations  from  below,  and  with  many  use- 
ful and  important  details  concerning  the  features  of  these  surfaces  of  dis- 
continuity. A  most  important  theoretical  result  arrived  at  in  the  same  paper 
and  referred  to  in  the  last  report  is  the  pre-calculation  of  a  gale  by  use  of  a 
theoretical  formula  of  hydrodynamics,  giving  the  relative  acceleration  of  air- 
masses  separated  by  a  surface  of  discontinuity. 

Wellen  und  Wirbel  an  einer  stationaren  Grenzfldcheuber  Europa  (Veroffent- 
lichung  des  Geophysikalischen  Instituts  der  Universitat  Leipzig.  1924), 
by  T.  Bergeron  und  G.  Swoboda,  gives  a  most  detailed  analysis  of  the 
meteorological  events  of  October  9  to  14,  1923.  The  initial  state  is  one  in 
which  a  marked  line  of  discontinuity  passes  east-west  through  central 
Europe,  and  it  is  shown  how  a  disturbance  comes  up,  beginning  as  a  wave 
and  ending  as  a  vortex.  The  paper  gives  the  most  detailed  empirical  data 
hitherto  obtained  of  the  formation  of  a  cyclone,  and  will  be  of  much  import- 
ance for  subsequent  theoretical  investigations  of  the  problem  of  the  cyclones. 

A  statement  and  general  discussion  of  the  character  of  this  latter  problem  is 
given  by  V.  Bjerknes,  Le  Probleme  des  cyclones  (Journal  de  Physique,  Novem- 
ber 1924,  Paris).  A  paper  by  H.  Solberg  should  also  be  mentioned,  though 
relating  to  another  subject,  Sur  le  frottement  dans  les  couches  basses  de  V atmos- 
phere (Forhandlingar  17.  skand.  naturforskermote,  Goteborg  1924).  As 
seen  from  previous  annual  reports  (see  Year  Books  12-17)  much  atten- 
tion has  been  paid  to  the  determination  of  the  atmospheric  friction.  By  a 
simple  integration  of  the  hydrodynamic  equation  Mr.  Solberg  has  opened 
much  more  convenient  ways  than  we  have  had  hitherto  for  the  determination 
of  the  friction,  and  has  shown  important  applications  of  his  new  method. 

348 


NUTRITION. 

Osborne,  T.  B.,  and  L.  B.  Mendel,  New  Haven,  Connecticut.  Continua- 
tion and  extension  of  work  on  vegetable  proteins.  (For  previous  reports  see 
Year  Books  Nos.  3-23.) 

Recent  observations  of  unusually  rapid  growth  in  several  groups  of  rats  on 
special  diets,  including  supplements  of  certain  "natural"  foods,  have  led  us 
to  consider  more  seriously  the  so-called  "curve  of  normal  growth"  which  has 
commonly  been  used  as  a  standard  for  comparison  in  growth  experiments. 
The  results  in  question  are  not  attributable  primarily  to  an  improvement  in 
our  stock  through  selective  breeding;  for  whereas  the  records  of  a  group  of  38 
rats  on  our  stock  diet  of  a  commercial  "dogbiscuit"  and  occasional  vegetables 
show  that  in  1919  the  gain  of  body-weight  from  60  to  200  grams  was  attained 
at  widely  different  rates  in  different  animals,  but  in  the  average  period  of  70 
days,  under  similar  dietary  and  environmental  conditions  our  stock  colony 
accomplished  this  in  1925  in  67  days  on  the  average — a  scarcely  better  record. 
When  the  animals  were  fed  on  a  diet  dictated  by  our  experience  of  the  past 
12  years  the  same  gains  were  made  in  an  average  of  only  38  days;  and  on 
certain  so-called  "synthetic"  rations  with  suitable  supplements  the  gain  of 
140  grams  from  a  body-size  of  60  grams  upward  has  been  made  consistently 
in  28  days  or  less.  Many  of  these  rats  have  continued  to  grow  at  an  extra- 
ordinarily rapid  rate,  reaching  350  to  400  grams  in  weight  at  an  unusually 
early  age.  Undoubtedly  the  explanation  is  to  be  found  in  advantageous 
dietary  conditions.  The  factors  which  may  be  responsible  are  now  being 
investigated  extensively. 

It  may  be  that  special  proportions  of  well-known  dietary  ingredients  are 
peculiarly  advantageous;  or  we  may  be  supplying  little  recognized  essentials 
in  more  appropriate  amounts,  particularly  at  certain  stages  of  development. 
In  any  event,  the  current  "normal"  curves  by  no  means  represent  the  real 
capacity  of  the  species  to  grow  when  the  "external"  conditions  (food,  en- 
vironment) approach  the  ideal.  This  problem  of  maximal  vs.  ordinary 
growth  is  obviously  one  of  large  significance,  not  only  in  physiology  but  also 
in  practical  agriculture. 

Our  observations  of  the  striking  enlargement  shown  by  the  kidneys  of  rats 
that  have  been  kept  on  otherwise  adequate  diets  unusually  rich  in  protein 
have  furnished  the  occasion  for  considerable  extension  of  these  studies.  The 
occurrence  of  renal  hypertrophy  has  been  verified  repeatedly,  both  by  our- 
selves and  several  other  investigators.  More  precise  and  extensive  data  are 
now  at  hand  regarding  the  special  conditions  under  which  the  phenomenon  is 
encountered;  factors  that  may  modify  or  facilitate  its  appearance;  the  possi- 
bility of  inducing  comparable  renal  changes  through  largely  increased  intake 
of  non-protein  substances  that  are  ordinarily  eliminated  through  the  kidneys; 
the  possible  effects  of  the  reaction  of  the  urine;  conditions  under  which 
retrogression  in  kidney  size  can  be  secured;  the  influence  of  age  and  state  of 
development  on  the  response  of  the  kidneys  to  "high  protein"  feeding;  etc. 
In  the  course  of  these  numerous  experiments  many  measurements  have  been 
recorded  for  other  organs,  notably  the  heart  and  liver,  neither  of  which  respond 
to  profound  changes  in  protein  or  salt  intake  as  do  the  kidneys. 

At  the  present  time  it  appears  evident  that  growth  to  full  adult  size  is  not 
promoted  on  diets  unduly  rich  in  protein  with  the  same  readiness  at  a  vigorous 
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rate  during  the  latter  stages  as  is  the  case  on  more  "normally  proportioned" 
rations.  This  applies  primarily  to  the  highest  concentrations  of  protein  that 
can  be  fed  successfully.  Up  to  about  250  grams  of  body- weight  compara- 
tively little  delay  in  growth  may  be  encountered ;  it  is  only  at  later  stages  that 
the  gains  on  very  high-protein  diets  are  made  slowly,  if  at  all.  Gain  at  this 
size  is  not  impossible,  however,  for  we  have  found,  that  if  the  high-protein 
feeding  is  begun  with  rats  that  have  attained  two-thirds  of  their  growth, 
considerable  increments  in  body-weight  can  still  occur. 

The  hypertrophies  of  the  kidneys  represented  by  increases  of  50  per  cent  or 
more  in  weight  have  been  brought  about  by  diets  in  which  the  protein  content 
amounted  to  70  per  cent  or  more  of  the  calories  fed.  Below  a  content  of  40  per 
cent  of  protein  calories  noteworthy  increments  in  kidney-size  were  not  observed. 

The  positive  effects  are  not  limited  to  the  influence  of  one  protein,  but 
have  been  demonstrated  with  casein,  "meat  residue"  protein,  and  even 
gliadin,  a  protein  that,  owing  to  its  small  yield  of  the  indispensable  amino- 
acid  lysine,  permits  little  somatic  growth  at  most. 

We  have  extended  our  tests  with  various  inorganic  salts  with  the  intent  of 
learning  whether  the  necessity  of  eliminating  these  in  abundance  would  also 
produce  hypertrophy  of  the  kidneys.  The  effects  of  chlorides,  phosphates, 
and  acetates  have  been  essentially  negative;  nor  have  conditions  favoring 
marked  extremes  in  urinary  reaction  produced  noticeable  alterations.  Assum- 
ing the  factor  mainly  responsible  for  the  augmented  kidney-size  to  be  urea,  we 
have  fed  this  in  concentrations  up  to  the  limit  of  the  animals'  refusal  to  eat 
the  food  containing  it.  Concentrations  equivalent  to  some  of  our  effective 
high-protein  dietaries  have,  as  reported  last  year,  brought  about  some 
increase  in  kidney-size  in  the  earlier  trials.  Subsequent  tests,  however,  gave 
the  impression  that  urea  alone  will  not  account  for  the  results  secured  by 
protein  feeding.  It  may  be  that  the  rats  on  high-protein  diets  show  a  higher 
non-protein  nitrogen  content  of  the  blood  (exclusive  of  urea)  that  may  become 
the  stimulus  for  the  hypertrophic  changes.     This  is  being  investigated. 

The  high-protein  diets,  in  rats,  do  not  lead  to  excretion  of  protein  in  the 
urine  beyond  the  traces  commonly  observed  in  the  kidney  secretion  of  this 
species;  nor  are  there  evidences  of  abnormal  structural  sediments  therein. 

The  histology  of  the  kidneys  under  a  large  diversity  of  dietary  conditions 
has  received  further  study  by  Professors  Park  and  Winternitz.  An  unusually 
extensive  experience  with  many  animals  has  not  afforded  occasion  to  alter  their 
earlier  conviction  that  there  is  no  evidence  of  inflammatory  or  degenerative 
renal  changes. 

In  continuing  the  studies  in  which  we  have  been  engaged  for  some  time, 
with  the  collaboration  of  Professor  Park  of  the  Yale  University  School  of 
Medicine,  on  the  relation  of  diet  to  the  development  of  the  bones,  various 
factors  referred  to  in  last  year's  review  have  been  studied.  It  is  hoped  that 
some  of  the  outstanding  features  of  the  changes  observed  under  accurately 
controlled  dietary  conditions  of  the  most  diverse  sort  can  soon  be  reported. 

Dr.  Karl  E.  Mason's  studies  conducted  in  the  laboratories  of  the  Depart- 
ment of  Zoology  at  Yale  University  on  our  animals  and  involving  the  changes 
incident  to  dietary  conditions  have  been  prosecuted  with  noteworthy  success. 
The  results  speak  for  the  existence  of  a  "fertility"  factor  in  the  absence  of 
which  degenerative  changes  proceed  in  the  testes,  and  fertility  may  be  im- 
paired,  despite  excellent  somatic  growth.     In  a  report  to  the  National 
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Academy  of  Sciences  in  April  1925  Dr.  Mason  summarized  some  of  his  work 
as  follows: 

Male  albino  rats  fed  the  "purified"  diet  or  basic  ration  (casein  18  per 
cent,  corn  starch  54  per  cent,  lard  15  per  cent,  milk  fat  9  per  cent,  salts  4  per 
cent  and  0.2  to  0.4  grams  of  yeast  daily)  showed  excellent  growth,  but  re- 
productive failure  invariably  resulted.  Histological  studies  have  been  made 
of  220  testes  from  experimental  and  control  rats  used,  and  140  of  the  former 
have  revealed  various  stages  of  a  slow  progressive  degeneration  of  the  germinal 
epithelium  of  the  seminiferous  tubules,  resulting  finally  in  complete  loss  of  all 
the  germ  cells,  in  the  inverse  order  of  their  origin.  The  degenerative  process 
has  been  divided  into  five  more  or  less  distinct  histo-pathological  stages. 
Some  tubules  were  more  resistant  to  degeneration  than  were  others  of  the 
same  testis.  Consequently,  degeneration  of  the  testis  as  a  whole  was  rather 
irregular.  Non-litter  mates  differed  widely  in  the  degree  of  testicular 
degeneration  attained  after  the  same  dietary  treatment.  Litter  mates, 
especially  those  of  similar  body  weights,  showed  very  little  variation.  In 
rats  fed  the  basic  ration  after  weaning,  degeneration  usually  began  after  60 
to  65  days  of  feeding.  Sexually  mature  rats  required  almost  twice  the  time 
to  initiate  the  histological  degeneration,  possibly  due  to  the  greater  storage  of 
vitamine  E  in  the  tissues  of  such  animals.  Once  initiated,  the  time  required 
for  degeneration  to  reach  completion,  in  either  case,  was  approximately  35  to 
50  days.  After  degeneration  began,  return  to  the  stock-food  diet  (used  for 
the  breeding  colony)  for  75  days  had  no  beneficial  effect.  Daily  addition  of 
40  grams  of  fresh  lettuce  to  the  basic  ration,  after  degeneration  had  been 
initiated,  did  not  restore  the  germinal  epithelium  of  the  degenerating  tubules 
to  its  normal  condition — at  least  not  after  180  days  of  lettuce  feeding.  But 
tubules,  which  still  retained  their  normal  condition  at  the  time  the  lettuce 
asserted  its  beneficial  effect,  were  prevented  from  undergoing  degeneration, 
while  the  other  tubules  continued  their  retrogression.  This  has  been  termed 
"partial  prevention,"  as  contrasted  with  actual  "cure."  Addition  of  lettuce 
to  the  basic  ration  from  the  beginning  of  the  experiment  prevented  the 
testicular  degeneration  which  would  otherwise  occur.  The  prophylactic 
effect  of  the  lettuce  is  due  to  its  richness  in  the  anti-sterility  vitamine  E, 
which  is  absent,  or  almost  so,  in  the  basic  ration.  The  presence  of  this  vita- 
mine seems  absolutely  necessary  for  the  normal  reproductive  function  and 
germ-cell  maturation. 

Dr.  Mason  is  the  recipient  of  a  Fellowship  of  the  National  Research  Council 
that  will  enable  him  to  continue  his  cooperation  with  us  in  investigation  of  the 
phenomena  of  testicular  development  and  degeneration  in  relation  to  diet. 

In  preparing  for  experiments  to  determine  the  part  played  by  individual 
amino-acids  in  nutrition  relatively  large  quantities  of  several  of  these  have  been 
isolated.  This  work  has  given  us  an  opportunity  to  study  various  methods 
which  have  been  proposed  for  analyzing  the  products  of  hydrolysis  of  proteins. 

Dakin's  method  for  extracting  the  mono  amino-acids  from  their  aqueous 
solution  was  first  employed  as  he  directs,  but  it  was  found  that  this  extrac- 
tion can  be  more  easily  and  rapidly  effected  by  agitating  the  aqueous  solution 
with  butyl  alcohol  in  a  tall  jar  by  means  of  an  electrically  driven  stirrer.  The 
butyl  alcohol  is  allowed  to  separate,  syphoned  off,  and  concentrated  in  vacuo. 
After  cooling,  the  mono  amino-acids  which  separate  during  concentration  are 
filtered  off  and  washed  with  ethyl  alcohol.  By  repeating  this  process  several 
times  it  was  found  that  the  mono  amino-acids,  with  the  exception  of  alanine, 
glycocoll,  and  oxyproline,  can  be  effectively  extracted.  These  three  amino- 
acids  are  not  removed  by  Dakin's  original  method  any  more  completely. 
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An  attempt  to  obtain  pure  proline  from  the  concentrated  butyl  alcohol 
extract  showed  that  further  study  of  this  fraction  must  be  made  before  this 
method  can  be  satisfactorily  employed  for  the  preparation  of  proline.  There 
was  evidence  of  the  presence  of  diketopiperazines  in  the  butyl  alcohol  extract. 
One  of  these  derived  from  the  condensation  of  isoleucine  and  valine  was 
obtained  from  gliadin.  This  confirms  Dakin's  experience  with  the  proline 
fraction. 

In  liberating  the  amino-acids  from  their  hydrochlorides  advantage  was 
taken  of  Foreman's  observation  that  these  are  readily  soluble  in  chloroform. 
By  using  this  reagent  the  difficulties  heretofore  encountered  in  liberating  the 
esters  can  be  largely  overcome  and  the  process  rendered  comparatively  simple 
and  rapid.  The  yield  of  esters  is  much  greater  than  when  the  ester  hydro- 
chlorides are  first  dissolved  in  water,  set  free  by  baryta,  and  extracted  by 
ether.  By  treating  the  chloroform  solution  with  a  very  little  water  the 
reaction  between  the  anhydrous  baryta  and  the  acid  is  at  once  initiated,  as 
shown  by  rising  temperature.  The  water  added  and  that  formed  by  the 
reaction  combines  at  once  with  the  anhydrous  baryta,  thereby  reducing  to  a 
minimum  losses  caused  by  hydrolysis  of  the  esters. 

By  applying  these  methods  to  gliadin  the  amount  of  leucine  and  valine 
obtained  after  esterifying  only  once  was  nearly  equal  to  that  previously  found 
in  this  protein  after  esterifying  three  times  according  to  Fischer's  method. 
From  the  aqueous  solution,  extracted  with  butyl  alcohol,  by  following  Dakin's 
procedure  nearly  ten  times  as  much  aspartic  acid  was  obtained  from  gliadin 
as  we  had  previously  found.  This  additional  amount  of  aspartic  acid  in- 
creases the  sum  of  the  amino-acids  obtained  from  gliadin  by  over  5  per  cent. 
This  summation  makes  gliadin  one  of  the  most  completely  analyzed  pro- 
teins in  respect  to  its  amino-acid  content. 

In  preparing  large  quantities  of  the  basic  amino-acids  from  casein  an  oppor- 
tunity was  presented  to  determine  the  nature  of  the  nitrogeneous  substances 
which  usually  remain  in  the  filtrate  from  the  lysine  picrate.  After  precipitat- 
ing the  lysine  picrate  according  to  Kossel's  well-known  method  a  quantity 
equivalent  to  99.7  grams  of  lysine  was  obtained  from  1,865  grams  of  ash-  and 
moisture-free  casein.  Picric  acid  was  removed  from  the  filtrate,  and  to  the 
concentrated  solution  5  per  cent  of  sulphuric  acid  was  added  and  then 
phosphotungstic  acid  reagent  as  long  as  a  precipitate  was  produced.  From 
this  precipitate  8  grams  of  lysine  picrate  was  obtained.  In  spite  of  persistent 
efforts  no  more  lysine  picrate  could  be  made  to  separate  from  the  filtrate. 
Picric  acid  was  then  removed  and  the  solution  found  to  contain  3.14  grams  of 
nitrogen.  This  is  equal  to  only  1.1  per  cent  of  the  total  nitrogen  of  the  casein. 
Since  the  silver  salts  of  arginine  and  histidine  are  slightly  soluble  a  part  of 
this  nitrogen  must  be  ascribed  to  these  amino-acids. 

Casein,  therefore,  contains  no  significant  amount  of  any,  hitherto,  un- 
recognized base.  The  276.7  grams  of  analytically  pure  lysine  picrate  obtained 
was  equivalent  to  107.7  grams  of  lysine,  a  quantity  equal  to  5.77  per  cent  of 
the  casein.     This  figure  confirms  those  previously  obtained  in  this  laboratory. 

By  applying  his  ether  method  to  the  leaves  of  spinach  (Spinacia  oleracea) 
Dr.  A.  C.  Chibnall  has  prepared  a  new  protein  "spinacin"  from  the  cytoplasm. 
This  protein  is  insoluble  in  water  and  salt  solutions,  but  is  soluble  in  a  very 
small  excess  of  either  acid  or  alkali.  It  contains  16.25  per  cent  of  nitrogen 
and  is  free  from  carbohydrate.  A  protein  of  similar  properties  was  also 
obtained  from  the  leaves  of  maize  (Zea  mays) . 
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Attempts  to  determine  the  nature  of  the  nitrogenous  constituents  of  the 
alfalfa  plant  have  been  continued  and  the  results  thus  far  obtained  have  been 
published  in  four  papers  in  the  Journal  of  Biological  Chemistry. 

The  base  which  yields  a  picrate  melting  at  298°  C,  referred  to  in  last 
year's  report,  has  been  identified  as  adenine.  This  substance  accounts  for 
2.7  per  cent  of  the  nitrogen  of  the  protein-free  juice  of  the  alfalfa  plant. 

We  have  been  able  to  develop  a  method  by  means  of  which  the  quaternary 
bases  of  the  alfalfa  juice  can  be  obtained  essentially  free  from  other  substances. 
This  fraction  contains  approximately  8.5  per  cent  of  the  nitrogen  of  the 
protein-free  juice  and  nearly  81  per  cent  of  this  has  been  actually  accounted 
for  as  stachydrin,  choline,  trimethylamine,  and  betaine.  Stacbydrin  alone 
makes  up  approximately  72  per  cent  of  this  nitrogen;  the  last  two  bases  were 
found  in  little  more  than  traces. 

Mr.  Carl  G.  Vinson  has  assisted  us  with  the  investigation  of  the  nitrogenous 
substances  precipitated  from  alfalfa  juice  by  basic  lead  acetate.  Practically 
no  attention  has  been  paid  in  the  past  to  the  nature  of  these  substances, 
although  the  reagent  has  long  been  used  for  clarifying  plant  extracts  and  as  a 
precipitant  for  non-nitrogenous  organic  acids.  A  qualitative  examination  has 
shown  that  the  basic  lead  acetate  precipitate  obtained  from  alfalfa  juice 
contains  adenine,  arginine,  lysine,  stachydrin,  aspartic  acid,  and  tyrosine. 
These  substances  were  isolated  after  subjecting  the  solution  obtained  by 
decomposing  the  lead  precipitate  to  severe  acid  hydrolysis  and  it  is  probable 
that  they  were  components  of  more  complex  substances  which  were  thereby 
broken  up.     Further  work  is  planned  to  ascertain  to  what  extent  this  is  true. 

The  examination  of  the  fraction  of  the  alfalfa  juice  which  contains  aspara- 
gine  and  amino-acids  has  been  repeated,  using  quantities  of  material  which 
permitted  us  to  employ  the  standard  methods  of  protein  analysis.  We 
obtained  only  29.1  per  cent  of  the  amide  nitrogen  of  the  juice  as  asparagine, 
somewhat  less  than  the  proportion  reported  last  year,  but  after  hydrolysis  of 
the  mother  liquors  we  found  aspartic  acid  indicating  that  the  proportion  of 
amide  nitrogen  occurring  as  asparagine  may  be  as  high  as  40.4  per  cent. 
Although  no  amide  other  than  asparagine  has  yet  been  obtained  it  is  possible 
that  such  may  occur  in  the  alfalfa  plant. 

In  addition  to  asparagine  and  tyrosine  we  have  isolated  alanine,  valine, 
leucine,  phenylalanine,  and  serine  from  this  fraction.  These  seven  amino- 
acids  were  found  in  amounts  which  account  for  29.5  per  cent  of  the  solids  and, 
together  with  the  ammonia  set  free  by  the  hydrolysis,  to  which  the  solution 
was  subjected,  for  54.8  per  cent  of  the  nitrogen  of  the  fraction.  So  far  as  we 
can  learn  serine  and  alanine  have  not  previously  been  isolated  from  plant 
juices.  The  ester  distillation  method  is  necessary  to  isolate  these  amino- 
acids,  and  this  method  has  previously  been  employed  only  once  for  the 
examination  of  material  from  plant  juices. 

Our  experience  with  the  problems  presented  by  the  analysis  of  mixtures  so 
complex  as  those  found  in  the  juice  of  the  alfalfa  plant  has  shown  the  necessity 
for  much  further  study  before  any  adequate  picture  may  be  formed  of  the 
chemical  reactions  of  the  metabolism  of  the  plant.  The  first  requisite  is  a 
scheme  of  fractionation  which  may  be  relied  upon  to  separate  the  various 
groups  of  substances  from  each  other.  The  separation  of  the  individual 
components  of  the  groups  will  then  require  the  application  of  present  as  well 
as  the  development  of  new  methods. 
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Our  present  scheme  of  fractionation  permits  of  the  definite  separation  of 
but  one  group,  the  quaternary  bases.  Much  of  the  difficulty  appears  to  be 
due  to  the  presence  in  the  plant  juice  of  a  considerable  proportion  of  sub- 
stances which  we  regard  as  peptides,  inasmuch  as  severe  hydrolysis  results  in 
an  increase  in  amino  nitrogen.  Another  and  even  more  serious  difficulty  is  the 
presence  of  apparently  large  proportions  of  pigments  and  of  pigment-yielding 
complexes.  Regarding  the  nature  of  these  we  have,  so  far,  been  able  to  obtain 
no  information,  but  we  regard  them  as  important  constituents  of  the  plant 
which  doubtless  play  some  part  in  the  reactions  of  metabolism.  They  appear 
to  be  amphoteric  substances  and,  since  they  yield  precipitates  with  the  heavy 
metals,  find  their  way  into  practically  every  fraction.  The  only  serviceable 
method  for  removing  the  free  pigments  is  extraction  of  the  acidified  solution 
with  butyl  alcohol.  Unfortunately,  however,  the  acid  salts  of  many  of  the 
nitrogenous  substances  are  likewise  extracted  and  consequently  even  this 
method  must  be  used  with  extreme  care.  Perhaps  the  best  illustration  of  the 
difficulties  of  quantitative  plant  analysis  is  given  by  the  subjoined  table 
showing  the  substances  we  have  so  far  isolated  from  the  juice  of  the  alfalfa 
plant.  The  sample  of  protein-free  juice  employed  in  this  analysis  contained 
55.13  grams  of  nitrogen  and  870  grams  of  organic  solids. 


gm. 

Nitrogen 
gm. 

Adenine 

2.813 
0.439 
1.343 
0.448 
2.256 

34.42 
2.767 
0.3046 
0.228 

18.03 
6.196 
0.1169 
0.821 
2.407 
2.070 
2.887 
1.163 

78.709 

1.457 
0.141 
0.432 
0.0859 
0.432 
3.359 
0.321 
0.0723 
0.0273 
3.364 
0.6524 
0.009 
0.0698 
0.321 
0.221 
0.345 
0.183 
11.4927 

Arginine  (free) 

Arginine  (combined) 

Lysine  (free) 

Lysine  (combined) 

Stachydrin 

Choline 

Trimethylamine 

Betaine 

Asparagin 

Aspartic  acid 

Tyrosine 

Phenylalanine 

Serine 

Leucine 

Valine 

Alanine 

Total 

These  substances  account  for  only  9.05  per  cent  of  the  solids  and  20.84  per 
cent  of  the  nitrogen  of  the  juice.  In  addition  there  was  about  2.8  per  cent  of 
free  ammonia  nitrogen  present,  but  even  allowing  for  this  we  know  the  exact 
nature  of  less  than  one-quarter  of  the  nitrogen  of  the  juice  and  less  than  one- 
tenth  of  the  solids. 

Doubtless  carbohydrates  are  present  in  this  juice  and  may  account  for  a 
considerable  part  of  the  solids.  Moreover  we  have  reason  to  believe  that 
non-nitrogenous  organic  acids  are  likewise  present.  The  complete  inadequacy 
of  our  present  knowledge  of  the  constituents  of  the  fluid  which  bathes  the 
protoplasm  of  the  plant  deserves  emphasis,  especially  as  so  many  who  have 
been  engaged  in  studying  problems  of  plant  physiology  do  not  seem  to  realize 
on  how  slender  a  foundation  their  speculations  rest. 


PALEOGRAPHY. 

Lowe,  E.  A.,  Oxford,  England.     Associate  in  palceography.     (For  previous 
reports  see  Year  Books  9-16,  19-23.) 

The  first  part  of  the  year  was  taken  up  mainly  with  seeing  through  the  press 
the  Codices  Lugdunenses  Antiquissimi,  the  study  dealing  with  the  oldest  manu- 
scripts from  the  scriptorium  of  Lyons.  Owing  to  certain  technical  diffi- 
culties, the  preface  of  this  work  appeared  in  French,  and  the  descriptions  of 
the  plates  in  the  original  English.  The  work  appeared  in  December  1924. 
Three  principles  were  laid  down  to  serve  as  guides  to  scholars  investigating 
similar  ancient  centers: 

(1)  If  a  very  ancient  manuscript  is  preserved  in  a  center  still  more  ancient, 
we  may  presume,  in  default  of  proof  to  the  contrary,  that  the  manuscript 
originated  in  that  center. 

(2)  If,  moreover,  the  manuscript  contain  an  author  who  flourished  in  that 
center,  or  represents  a  type  of  literature  which  was  chiefly  cultivated  there, 
the  presumptive  origin  is  confirmed. 

(3)  Lastly,  if  the  manuscripts  preserved  in  this  center  present  common 
features  unlike  those  found  in  similar  manuscripts  of  other  centers,  we  may 
conclude  that  we  are  dealing  with  the  products  of  a  distinct  school. 

The  other  two  studies,  mentioned  in  my  previous  report,  The  Palceography 
of  the  Bobbio  Missal  and  A  Hand-list  of  Half-uncial  Manuscripts,  were  also 
issued  in  1924. 

During  the  autumn  and  early  winter  months,  the  first  installment  of  the 
letter-press  to  go  with  Scriptura  Beneventana  was  revised.  Proof-sheets  of 
fifteen  plates  have  reached  me.  As  the  work  deals  with  manuscripts  from 
several  countries,  and  as  there  are  three  scholars  associated  with  Dr.  Lowe  in 
seeing  this  work  through  the  press,  progress  is  naturally  slow.  In  the  course 
of  collecting  material  for  a  study  of  uncial  and  half -uncial  script,  certain  facts 
developed  which  permitted  publication,  and  an  article  entitled  Some  Facts 
about  our  Oldest  Latin  Manuscripts  was  prepared  for  press  during  the  spring 
months.  At  the  same  time,  two  other  articles  were  written:  one,  entitled 
A  New  Fragment  of  the  Corbie  b-type,  is  to  appear  in  Lindsay's  Palseographia 
Latina,  but  not  before  the  end  of  1926;  and  the  other,  Disjecta  membra  is  a 
joint  article  which  appeared  in  Revue  Benedictine.  A  notice  of  Lindsay's 
Palseographia  Latina  III  was  published  in  the  Classical  Review,  and  the 
review  of  a  German  work  on  the  Gothic  script  appeared  in  the  English 
Historical  Review.  A  review  of  Priebsch's  Heliand  was  written  for  the  same 
journal.  The  final  period  covered  by  this  report  was  devoted  to  a  study  of 
the  rise  and  spread  of  minuscule  writing  and  its  development  into  the  printed 
characters  of  our  own  time.  It  is  ready  for  press,  and  is  to  appear  in  a 
volume  entitled  The  Legacy  of  the  Middle  Ages. 

A  number  of  interesting  new  specimens  were  added  to  the  collection  of 
palaeographical  negatives. 
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Chaney,  Ralph  W.,  Berkeley,  California.     Research  Associate  in  Palceobotany. 
(For  previous  reports  see  Year  Books  Nos.  21-23.) 

The  work  of  the  past  year  may  be  divided  into  two  parts:  (1)  Continuation 
of  the  studies  of  the  Tertiary  floras  of  the  western  United  States,  and  (2) 
participation  in  the  Third  Asiatic  Expedition  of  the  American  Museum  of 
Natural  History. 

Field  work  in  Oregon  during  the  summer  of  1924  has  included  further 
collections  in  all  of  the  three  principal  plant  horizons  of  the  John  Day  Basin. 
Several  new  localities  were  found  for  the  oldest  of  these,  the  Clarno  flora,  in 
the  vicinity  of  Pine  Creek.  This  is  the  least  known  of  the  John  Day  Basin 
floras,  and  an  extension  of  its  geographic  range  and  species  content  is  there- 
fore especially  valuable.  New  localities  were  also  discovered  for  the  Bridge 
Creek  flora;  while  the  species  content  is  in  general  the  same  as  that  at  the 
type  locality,  there  are  differences  in  detail  which  suggest  differences  in 
topography  or  in  other  factors.  Further  progress  has  also  been  made  in  the 
collecting  of  the  Mascall  flora — the  youngest  known  in  the  John  Day  Basin. 

The  relationship  of  Tertiary  floras  to  the  forests  now  living  in  the  West 
has  been  further  emphasized  in  the  course  of  the  study  of  these  collections. 
The  broad-sclerophyll  forest  which  now  characterizes  the  dryer  slopes  and 
valleys  of  the  California  Coast  Ranges  contains  practically  the  same  generic 
assemblage  as  the  Mascall  flora.  Since  the  climatic  requirements  of  the 
living  forest  are  well  known,  this  close  similarity  gives  valuable  suggestions  as 
to  the  climate  in  eastern  Oregon  during  the  Miocene;  it  appears  to  have  been 
characterized  by  about  30  inches  of  rainfall  a  year,  most  of  which  fell  during 
the  winter,  and  by  a  period  of  drought  during  the  summer;  the  temperature 
must  have  been  rather  uniform  throughout  the  year.  Such  a  climate  is 
distinctly  different  from  that  during  the  preceding  Oligocene  period  in  so  far  as 
the  rainfall  was  concerned.  The  Bridge  Creek  flora  of  the  Upper  Oligocene 
comprises  a  typical  redwood  association,  which  may  be  supposed  to  have 
lived  in  a  region  with  more  rather  than  less  than  40  inches  a  year.  In  view 
of  this  suggested  reduction  in  the  rainfall  of  eastern  Oregon  from  the  Oligo- 
cene to  the  Miocene,  an  effort  has  been  made  to  discover  whether  it  represents 
a  step  in  progressive  aridity  in  this  region  during  the  Tertiary.  Such  a 
climatic  change  has  been  indicated  in  a  general  way,  both  by  the  vertebrate 
evidence  and  by  the  character  of  the  Tertiary  sediments.  The  known  Pliocene 
floras  of  the  West  have  therefore  been  reviewed  in  an  effort  to  determine 
whether  they  indicate  a  still  lower  amount  of  rainfall.  Two  floras  of  sup- 
posed Pliocene  age  from  west  central  California  are  made  up  of  trees  which 
now  characterize  regions  with  about  20  inches  annual  rainfall.  Of  much 
greater  significance,  because  of  its  nearness  to  the  John  Day  Basin,  is  the 
flora  recently  collected  by  Miss  Annie  M.  Alexander  and  Miss  Louise  Kellogg 
from  beds  of  probable  Pliocene  age  near  Alturas,  California.  As  now  known, 
this  flora  contains  only  two  species,  a  poplar  and  a  willow,  whose  leaves 
closely  resemble  those  of  trees  now  living  along  the  streams  in  the  Great 
Basin  where  the  rainfall  does  not  average  15  inches  a  year.  It  therefore 
appears  that  the  Tertiary  floras  of  the  northern  Great  Basin,  and  to  a  lesser 
extent  of  the  Sierra  Nevada  and  Coast  Ranges  of  California,  indicate  a  pro- 
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gressive  reduction  in  rainfall  from  the  Oligocene  to  the  Pliocene  in  this  part 
of  North  America. 

There  is  in  progress  a  statement  of  the  principles  which  are  being  used  in 
the  ecological  aspects  of  paleobotany.  This  paper  is  being  written  in  col- 
laboration with  Dr.  Frederic  E.  Clements. 

At  this  writing  little  can  be  stated  regarding  the  results  of  the  work  in 
Asia.  For  a  period  of  about  five  months  following  April  15,  the  Third 
Asiatic  Expedition  will  be  working  in  Mongolia,  particularly  in  the  little- 
known  Altai  region.  It  is  hoped  that  Tertiary  and  other  fossil  floras  will  be 
collected,  and  that  a  collection  of  the  living  plants  can  be  made,  together  with 
notes  on  their  occurrence.  Already,  through  the  kindness  of  Professor 
George  B.  Barbour  of  Yen  Ching  University,  it  has  been  possible  to  study 
hackberry  seeds  from  the  Pleistocene  loess  near  Kuo-Tsun  Hsiian-Hua. 
These  seeds  are  closely  similar  to  those  from  various  Tertiary  horizons  of 
South  Dakota  and  Nebraska.  They  are  of  particular  interest,  since  the 
hackberry  trees  may  have  constituted  in  Asia,  as  they  now  do  in  North 
America,  the  last  survivors  of  a  forest  which  nourished  during  earlier  a*nd 
more  humid  times. 

Hay,  Oliver  P.,  U.  S.  National  Museum,  Washington,  District  of  Columbia. 
Report  on  the  progress  of  the  investigation  on  the  Pleistocene  of  North 
America  and  its  vertebrate  animals.  (For  previous  reports  see  Year  Books 
Nos.  11-23.) 

Dr.  Hay  has  been  occupied  in  studying  the  Pleistocene  vertebrates  and  the 
Pleistocene  geology,  so  far  as  it  relates  to  the  vertebrates,  of  the  region  west 
of  New  Mexico,  Colorado,  Wyoming,  Montana,  and  Alberta.  In  the  area 
now  under  investigation  are  several  interesting  regions. 

The  structure  and  history  of  the  Great  Basin  presents  problems  which  have 
long  occupied  the  attention  of  some  of  our  ablest  geologists;  and  much  remains 
to  be  done.  It  is  highly  desirable  that  the  history  of  the  Pleistocene  verte- 
brates should  be  correlated  with  the  geological  events  which  have  occurred  in 
the  ancient  Lakes  Bonneville  and  Lahontan.  Unfortunately  the  remains  of 
vertebrates  are  rarely  found ;  and  such  as  are  known  appear  to  place  a  greater 
age  on  the  deposits  containing  them  than  some  of  the  geologists  are  inclined 
to  assign  them. 

California  presents  a  more  varied  set  of  problems  than  probably  any  other  of 
the  states  and  among  these  is  that  offered  by  the  asphalt  pits  at  Rancho  La 
Brea,  near  Los  Angeles.  To  be  discussed  are  the  position  of  the  deposits  and 
animals  in  the  Pleistocene  column  and  their  relation  to  other  deposits  and 
their  contents. 

Oregon  presents  two  especially  interesting  regions.  The  first  to  be  men- 
tioned is  the  valley  of  Willamette  River.  Here  have  been  discovered  a 
considerable  number  of  species  of  Pleistocene  mammals.  East  of  the  Cascade 
Mountains  is  the  arid  region  of  the  state.  At  Fossil  Lake  have  been  secured 
many  species  of  mammals  and  many  more  of  birds  and  some  fishes. 

Pleistocene  vertebrates  have  been  secured  in  several  localities  in  the  state  of 
Washington,  but  the  chief  interest  is  found  in  the  geological  events  which  have 
recorded  themselves  along  the  course  of  Columbia  River.  In  Yukon  and 
Alaska  have  been  discovered  remains  of  many  vertebrates  which  inhabited  a 
region  greatly  different  from  that  of  the  Pacific  states  and  of  the  Great  Basin. 
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Merriam,  John  C.  and  Associates.    Continuation  of  palaeontological  researches. 
(For  previous  reports  see  Year  Books  Nos.  20-23.) 

Researches  conducted  during  the  year  1924-25  by  J.  C.  Merriam  and  asso- 
ciates have  included: 

1.  Advance  of  monographic  study  of  the  geological  and  palaeontological 
succession  in  the  John  Day  region  of  eastern  Oregon,  especially  the  study  of  a 
quadrangle  in  the  region  of  Twickenham,  Oregon,  for  which  a  topographic 
map  has  recently  been  completed  through  courtesy  of  the  U.  S.  Geological 
Survey. 

2.  Continuation  of  the  series  of  monographs  of  the  Pleistocene  fauna  of 
Rancho  La  Brea,  California. 

3.  Study  of  several  occurrences  of  late  Tertiary  mammal-bearing  forma- 
tions in  Nevada. 

4.  Continuation  of  monographic  studies  of  marine  mammals  conducted 
through  cooperation  with  Remington  Kellogg. 

5.  Several  special  studies  not  closely  related  to  the  three  major  programs 
described  above. 

The  geological  and  palaeontological  investigations  in  the  John  Day  region 
of  eastern  Oregon  have  been  conducted  by  J.  P.  Buwalda,  of  the  University 
of  California;  Chester  Stock,  of  the  University  of  California;  E.  L.  Furlong, 
of  the  University  of  California,  and  R.  W.  Chaney,  Research  Associate  of  the 
Carnegie  Institution  of  Washington.  The  stage  of  advance  in  outlining  the 
geological  relations  of  the  formations  of  the  John  Day  region  conducted  by 
Dr.  Buwalda  is  such  as  to  guarantee  the  completion  of  this  important  study 
within  the  next  year.  The  palaeontological  field  work  under  the  direction 
of  Dr.  Stock  in  study  of  the  vertebrates  and  Dr.  Chaney  in  investigation  of 
the  history  of  plants  has  made  rapid  progress,  due  to  advance  in  geological 
mapping.  For  the  first  time  it  has  become  possible  to  give  clear  definition  to 
stratigraphic  succession  and  time  relationships  of  the  faunas  and  floras. 
A  detailed  report  of  work  done  under  direction  of  Dr.  Buwalda  follows : 
The  geologic  mapping  of  the  Twickenham  Quadrangle  and  the  southern 
part  of  the  Condon  Quadrangle,  in  the  John  Day  Region  of  eastern 
Oregon,  was  continued  during  a  short  field  season  of  about  three  weeks 
in  May  and  June  1925.  The  three  areas  particularly  studied  were  lower 
Butte  Creek,  Service  Creek,  and  the  environs  of  Mitchell.  Attention  was 
given  mainly  to  the  tracing  of  the  contacts  between  the  formations  and  to 
gathering  data  on  the  structure  of  the  whole  John  Day  region.  The  more 
important  results  of  the  season's  work  were:  (a)  further  confirmation  of  the 
unconformable  relation  of  the  Columbia  lavas  to  the  underlying  John  Day 
formation,  (6)  the  recognition  of  the  unusual  character  of  the  Columbia  lavas 
in  some  parts  of  the  Twickenham  quadrangle  as  compared  with  other  parts 
of  these  extensive  flows  in  other  parts  of  the  northwest,  and  (c)  the  determina- 
tion that  the  Ochoco  range,  which  passes  through  the  southern  portion  of  the 
Twickenham  Quadrangle,  is  not  heavily  faulted  along  its  northern  side  in  the 
Mitchell  region,  as  it  presumably  is  farther  east  along  John  Day  Valley, 
but  has  been  formed  through  broad  arching  with  an  east-west  trend. 

The  following  is  the  report  on  palaeontological  investigations  conducted 
by  Dr.  Stock: 

The  palaeontological  and  geological  investigations  in  the  John  Day  basin 
of   eastern    Oregon    have    been   continued.     During  the   summer   of   1925 
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a  party  consisting  of  Chester  Stock,  E.  L.  Furlong,  Newton  Brown  of 
the  staff  of  the  Museum  of  Palaeontology,  University  of  California,  and 
two  advanced  students  spent  four  weeks  in  this  field,  establishing  a  base 
camp  on  the  John  Day  River  near  Twickenham,  Oregon.  Detailed  studies 
in  the  area  of  the  Twickenham  Quadrangle  were  made  of  the  Clarno  and  John 
Day  deposits  as  exposed  along  Bridge  Creek,  along  the  John  Day  River  in 
the  vicinity  of  Twickenham,  on  Rowe  Creek  beneath  Rock  Mountain,  along 
the  flanks  of  Horse  Mountain  and  Keyes  Mountain,  and  along  Service  Creek. 
Special  care  was  taken  to  locate  all  fossil  vertebrate  material  collected  with 
reference  to  the  topographic  map  of  the  Twickenham  Quadrangle  and  the 
geologic  horizons.  The  collecting  of  mammalian  remains  in  the  John  Day 
deposits  was  extended  beyond  the  eastern  boundary  of  the  quadrangle. 

A  new  fossil  plant  locality,  occupying  a  stratigraphic  position  similar  to 
that  of  the  typical  Bridge  Creek  flora  on  Bridge  Creek,  was  discovered  along 
the  border  of  the  John  Day  Valley  not  far  below  Twickenham. 

Twelve  boxes  of  fossil  vertebrate  remains  from  the  John  Day  deposits 
were  shipped  to  the  University  of  California.  This  material  is  now  being 
prepared  in  the  laboratories  of  the  Museum  of  Palaeontology. 

During  the  months  of  May  and  June  the  John  Day  vertebrate  collections 
in  the  American  Museum,  in  the  U.  S.  National  Museum,  and  at  Yale  Uni- 
versity were  examined  by  Chester  Stock  and  E.  L.  Furlong;  Mr.  Furlong 
receiving  assistance  for  the  furtherance  of  this  work  and  for  the  study  of 
other  vertebrate  collections  from  Miss  Annie  M.  Alexander. 

For  a  report  on  study  of  the  floras  of  this  region  see  report  of  Dr.  R.  W. 
Chaney,  page  356. 

Studies  of  other  Tertiary  formations  of  the  Great  Basin  region  have  com- 
prised collections  of  both  mammalian  faunas  and  of  floras  from  northeastern 
California  and  from  northern  and  western  Nevada. 

Advance  of  the  study  of  the  faunas  of  the  Pleistocene  of  Rancho  La  Brea 
has  consisted  mainly  of  detailed  studies  in  the  monographs  of  the  felidae, 
equidae,  and  other  groups  upon  which  work  has  been  in  progress  for  several 
years.  The  illustration  of  these  memoirs  has  been  carried  out  by  John  L. 
Ridgway  under  the  direction  of  Dr.  Stock. 

The  following  account  of  work  on  fossil  marine  mammals  is  quoted  from  a 
statement  of  Remington  Kellogg: 

During  the  past  year  special  attention  has  been  paid  to  the  comparison  of 
specimens  of  fossil  pelagic  mammals  from  various  North  American  formations 
in  the  expectation  that  the  relationships  of  some  disputed  species  could  be 
determined.  Satisfactory  relationships  were  discovered  in  some  instances 
and  the  results  of  this  study  will  be  published  in  connection  with  reports  on 
new  material. 

A  collection  of  fossil  pelagic  mammals  belonging  to  the  California  Academy 
of  Sciences,  which  was  obtained  from  the  Temblor  Miocene  formation  near 
Bakersfield,  California,  has  been  studied  and  a  report  is  in  the  course  of 
preparation.  Through  the  interest  of  Barton  W.  Evermann,  director  of 
the  Academy,  and  G.  Dallas  Hanna,  curator  of  Palaeontology,  the  entire 
collection  was  offered  for  study  and  after  the  necessary  arrangements 
were  made  the  specimens  arrived  in  Washington  on  February  8,  1925.  The 
actual  field  work  was  supervised  by  Dr.  Hanna  and  Charles  Morrice,  a 
veteran  collector  living  near  Bakersfield.  As  a  result  of  their  endeavors  the 
largest  fauna  of  pelagic  mammals  thus  far  known  for  any  formation  on  the 
Pacific  Coast  of  North  America  was  discovered.  This  collection  contains 
such  a  variety  of  types  that  one  is  led  to  believe  that  other  outcrops  of  the 
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same  horizon  will  yield  additional  material.  Judging  from  the  bones  col- 
lected near  Bakersfield,  there  is  reason  to  believe  that  the  skeletons  of  the 
various  kinds  of  pelagic  mammals  were  rolled  about  by  the  water  and  torn 
apart  by  sharks  before  they  were  buried  in  the  sediments  which  preserved 
them.  No  complete  skulls  of  the  smaller  porpoises  have  been  obtained  at 
this  locality,  although  some  fairly  well-preserved  skulls  of  the  larger  cetaceans 
have  been  found. 

Since  August  many  new  localities  along  the  Calvert  Cliffs  of  Maryland  have 
been  visited  and,  taking  into  consideration  the  time  that  has  been  spent  in 
making  collections,  a  very  satisfactory  amount  of  material  has  been  obtained. 
Reports  on  the  material  obtained  from  the  Calvert  formation  are  being  pre- 
pared for  publication. 

Acknowledgments  are  due  to  C.  W.  Gilmore  and  Gerrit  S.  Miller  jr.,  cura- 
tors of  their  respective  divisions,  for  courtesies  extended  during  the  past  year. 

This  report  may  not  be  completed  without  special  reference  to  the  fact  that 
the  investigations  with  which  Mr.  Merriam  and  associates  have  been  con- 
cerned have  depended  largely  for  their  success  upon  cordial  cooperation  and 
assistance  of  the  University  of  California  through  the  Department  of  Geology 
and  the  Museum  of  Palaeontology,  and  especially  the  cooperation  of  Miss 
Annie  M.  Alexander,  whose  interest  in  advancement  of  palaeontological 
research  has  brought  about  realization  of  several  extremely  significant 
projects  which  owe  their  origin  and  successful  conclusion  to  her  efforts. 

Success  in  the  great  work  of  investigation  conducted  on  the  fauna  of  Rancho 
La  Brea  is  largely  due  to  the  splendid  cooperation  and  assistance  of  the  Mu- 
seum of  History,  Science,  and  Art  of  Los  Angeles  under  the  direction  of  Dr. 
William  A.  Bryan.  Through  the  staff  of  the  Museum  every  assistance  has 
been  given  in  a  detailed  study  of  these  faunas. 

Advance  of  the  work  of  Remington  Kellogg  has  been  made  possible  by  the 
assistance  and  cooperation  of  many  departments  of  the  National  Museum, 
especially  through  aid  of  the  Division  of  Vertebrate  Palaeontology. 

Wieland,  G.  R.,  Yale  University,  New  Haven,  Connecticut.  Associate  in 
paleontology.  (For  previous  reports  see  Year  Books  Nos.  2-4,  6-9, 
11-23.) 

It  is  a  pleasure  to  report  that  at  Yale  University  quite  ample  space  for 
fossil  plants  has  now  been  provided,  after  an  interim  in  cycad  and  other 
sectioning  of  nearly  ten  years,  following  removal  of  collections  from  the 
old  Peabody  Museum.  The  new  development  is  being  carried  out  in  the 
Osborn  Laboratory  in  conjunction  with  the  Botanical  Department.  A 
simple  type  of  band-saw  machine  has  been  installed,  also  a  motor  to  carry 
smaller  saws  set  direct  on  the  mandrel,  and  one  of  the  best  polishing  beds 
manufactured  by  the  American  Optical  Company.  It  is  hoped  to  give  full 
attention  to  bettering  the  methods  and  technique  of  sawing  quartzose  and 
other  plant  petrifactions  with  structure  preserved — especially  with  reference 
to  highly  polished  thin  sections  of  large  size  required  for  the  best  illustration 
of  the  cycadeoids  and  the  plants  of  the  "coal  balls." 

The  elemental  value  of  the  fossils  in  botanical  study  is  insisted  upon. 
After  the  necessities  of  investigation  and  more  direct  evolutionary  study  are 
met,  it  is  the  more  evident  that  the  fossil  sections  are  often  characterized 
by  a  simplicity  of  feature  that  goes  far  to  clarify  the  view  for  the  general 
student,  aiming  mainly  to  learn  the  meaning  and  features  of  present-day 
plant  life.     Fossil  flowers  are  of  course  too  rare  to  afford  much  beyond  some- 
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what  isolated  data;  but  most  features  of  vegetative  structure  are  exemplified 
here  and  there  by  remarkably  conserved  fossils,  the  fossil  sections  being  at 
times  great  adjuncts  to  those  cut  from  the  living  plant.  The  pseudo-tree 
fern  Tempskya,  mentioned  in  an  earlier  report,  is  an  example  of  a  fossil 
which  yields  sections  bringing  out  fern  anatomy  in  a  most  impressive  way. 
Botanical  teaching  with  insistent  use  of  the  fossils  is  near. 

At  this  writing  it  has  not  yet  proven  possible  to  bring  our  new  laboratory 
apparatus  into  actual  use,  chiefly  owing  to  the  difficulty  of  sawing  quartzose 
sections  of  large  size  expeditiously.  It  may  be  supposed  that  cutting  thin 
sections  is  done  by  some  recognized  or  sure  technique.  Exactly  the  results 
embodied  in  volumes  I  and  II  of  the  American  Fossil  Cycads,  following  the 
extended  work  of  Renault  on  the  silicified  material  of  the  French  Carbon- 
iferous, does  mark  progress  and  much  labor.  But  all  that  work  was  in 
reality  too  time-consuming  and  crude.  Henceforth  attention  must  be  fixed 
upon  the  best  results  possible  to  realize  from  rare  and  remarkable  types. 
Unlimited  material  is  quite  always  present  in  the  case  of  rocks  and  of  animal 
fossils — vertebrate  or  invertebrate.  Not  so  in  plants,  the  single  section  is 
often  without  price;  of  the  more  critical  material  enough  sections  can  scarcely 
ever  be  had. 

To  cut,  without  regard  to  material,  and  polish  a  surface  of  any  size,  is 
easy.  But  to  cut  through  a  flower  bud  or  a  cone  with  the  least  loss  of  material, 
and  then  cut  off  the  polished  surface  as  cemented  to  glass  with  Canada 
balsam  (or  cellulose?)  without  either  losing  the  section  or  wasting  the  ma- 
terial, requires  a  well-made  diamond  saw.  Other  methods  of  cutting  in- 
volving the  use  of  wire,  alundum,  etc.,  are  suggested,  but  so  far  never  have 
been  used  with  success.  Recognizing  the  facts  in  the  case  therefore,  the 
National  Research  Council  recently  granted  $150  for  carrying  out  certain 
experiments  in  making  diamond  saws  as  in  part  suggested  last  year.  When 
these  have  been  brought  to  a  close,  it  is  hoped  to  give  a  general  account  of  the 
use  of  diamond  in  saws,  and  of  what  has  been  done;  though  it  may  be  said 
now  that  setting  diamond  in  a  very  thin  and  flexible  saw  is  more  difficult 
than  charging  a  drill  or  point. 

During  the  present  year  less  progress  has  been  made  on  the  manuscripts 
in  continuation  of  volumes  I  and  II  of  these  studies  than  might  be  wished, 
chiefly  owing  to  a  lack  of  critical  sections  and  of  funds  for  field  work.  Never- 
theless it  is  felt  that  the  general  subject  has  been  fairly  advanced. 

The  wedge  of  Raumeria,  most  celebrated  of  all  European  cycadeoids  men- 
tioned as  in  course  of  cutting  in  last  year's  report,  was  received  some  time  ago 
and  will  be  the  first  subject  turned  to  with  our  bettered  saws.  As  recently 
announced  in  Science  this  wedge  was  cut  with  great  attention  to  the  largest 
and  best  unit  size  for  ultimate  study  and  illustration  in  quarto.  Its  cutting 
is  an  event  of  first  interest  to  all  paleobotanists.  It  may  not  be  amiss  to 
record  the  fact  that,  somewhat  as  a  fair  quid  pro  quo — perhaps  the  nearest 
return  in  kind  that  could  be  made — there  was  sent  to  Dr.  Kraeusel  of  Frank- 
furt am  Main,  in  recognition  of  the  unselfish  share  he  took  in  that  work, 
certain  sections  of  the  Cycadeoidea  painei  (type)  representing  the  best  wood 
structure  ever  found  in  any  cycadeoid.  These  will  enable  Dr.  Kraeusel  to 
give  notes  at  first  hand,  with  full  illustrations  for  his  important  studies  of 
older  gymnosperm  anatomy. 

The  subject  of  making  results  in  the  study  of  fossil  plants  available  by  even 
more  direct  means  than  publication  is  one  that  will  bear  looking  into.     And 
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the  fact  that  others  have  taken  advanced  views  has  several  times  signally 
and  vitally  augmented  our  materials  during  the  past  year. 

It  has  been  made  a  custom  for  several  years  to  record  in  this  report  the 
most  important  discovery  or  publication  within  the  year  in  related  fields. 
And  certainly  that  distinction  must  now  fall  to  Mr.  Hamshaw  Thomas  of  the 
University  of  Cambridge  for  his  elaboration  of  the  difficult  materials,  for  the 
first  time  proving  the  presence  of  angiospermous  fructifications  in  pre- 
Cretaceous  rocks.  Mr.  Thomas  has  found  flowers  in  the  mid-Jurassic  of 
Gristhorpe  and  Cayton  Bay  on  the  Yorkshire  Coast,  representing  a  new  group 
the  Caytoniales.  A  brief  abstract  of  this  admirable  work  is  given  in  the 
American  Journal  of  Science  for  July.  A  more  personal  fact  to  record  is 
that  following  the  description  of  Rhaetic  crane  flies  found  during  my  recon- 
naissance in  western  Argentina  as  given  in  the  January  number  of  the  Amer- 
ican Journal  of  Science,  Professor  T.  D.  A.  Cockerell,  of  the  University  of 
Colorado,  was  led  to  plan  a  visit  to  the  locality  in  the  hope  of  making  further 
finds.  His  results  are  awaited  with  lively  interest.  The  association  of 
the  fossil  insects  with  Tseniopterids,  indicating  early  flowering  plants,  suggests 
the  presence  of  variety  in  the  insect  life  which  promises  further  finds.  Also, 
certain  fine  types  of  seeds  found  in  the  strata  with  the  insects  appear  to  be 
dicotyledonous,  and  may  shortly  be  described  as  such.  They  recall  the  ash, 
and  if  my  view  is  correct  are  the  oldest  proven  dicotyls. 

Attention  given  a  chapter  on  Mesozoic  climates  has  led  to  a  careful 
consideration  of  dinosaurian  feed  and  causes  of  extinction.  These  points  of 
view  are  soon  to  be  published.  Of  special  ecologic  bearing  is  the  possibility 
that  a  changed  atmospheric  oxygen — carbon  dioxide  ratio — is  that  universal 
factor  which  had  most  to  do  with  the  disappearance  of  the  dinosaurs.  At 
first  it  was  thought  the  main  facts  as  to  increase  or  decrease  of  oxygen  might 
be  inferred  from  the  data  of  oxygen  production  by  plants;  but  such  data  do 
not  appear  to  be  quantitative,  and  have  never  been  assembled  with  respect 
to  varying  forest  types,  or  any  possible  bearing  on  paleo-climatology.  It 
is  merely  seen  that  as  plants  live  from  age  to  age  and  evolve  into  the  suc- 
cessive canopies  they  furnish  the  free  oxygen  of  the  air,  subject  to  loss  through 
the  various  oxidations — while  carbon  dioxide  is  renewed  during  periods  of 
volcanism,  and  heavily  drawn  upon  in  eras  of  limestone  making.  There  is 
an  unverified  inference  that  forests  release  oxygen  more  actively  now  than 
did  the  more  gymnospermous  and  proangiospermous  forests  of  dinosaur 
times. 
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Barnett,  S.  J.,  California  Institute  of  Technology,  Pasadena,  California, 
Research  Associate  in  Physics.  (For  previous  reports  see  Year  Books 
Nos.  19-23.) 

The  work  on  the  magnetization  of  ferromagnetic  substances  by  rotation,  the 
general  results  of  which  were  described  in  the  last  report,  has  just  been 
issued  as  No.  2,  vol.  60  (1925)  of  the  Proceedings  of  the  American  Academy 
of  Arts  and  Sciences.  The  publication  includes  the  description  of  additional 
experiments,  of  a  subsidiary  character,  by  which  in  the  last  year  it  has  been 
found  possible  to  improve  the  work. 

Investigations,  begun  some  years  ago  but  suspended  on  account  of  the 
pressure  of  other  work,  have  been  resumed  on  the  questions  of  rotation  by 
magnetization  and  magnetization  by  rotary  fields,  both  intimately  connected 
with  that  of  magnetization  by  rotation. 

Several  investigations  on  the  first  effect  have  now  been  made.  In  such 
investigations  it  is  sought  to  determine  the  total  angular  momentum  given  to 
the  magnetons  in  a  ferromagnetic  rod  when  it  is  magnetized,  but  the  reaction 
to  this  momentum,  equal  in  magnitude  and  opposite  in  direction  thereto,  is  all 
that  can  be  measured.  The  part  of  the  reaction  given  to  the  rod  has  now  been 
measured  by  others  with  considerable  precision  for  several  ferromagnetic 
substances;  but  it  is  possible  (though  not  probable)  that  a  part  of  the  reaction 
is  given  to  the  magnetizing  solenoid,  and  no  experiments  have  hitherto  been 
made  from  which  this  quantity  can  be  determined  with  any  precision.  The 
experiments  under  way  here  will,  it  is  hoped,  soon  give  definite  information  on 
this  question.  The  matter  is  of  great  importance,  since  the  experimental 
results,  calculated  on  the  assumption  that  the  total  reaction  to  the  magneton 
momentum  goes  to  the  rod,  are,  like  those  on  magnetization  by  rotation 
(calculated  on  the  hypothesis  of  complete  entrainement  of  the  magnetons), 
entirely  out  of  accord  with  the  classical  theory. 

As  to  the  second  effect,  when  a  rod  is  magnetized  by  rotation,  it  becomes 
magnetized  not  because  the  whole  rod  rotates,  but  because  the  motion  of  the 
rod  compels  the  constituent  magnetons  to  rotate.  If  the  rod  is  magnetized 
by  a  field  whose  intensity  is  normal  to  its  axis,  and  if  this  intensity  and 
the  cross-magnetization  it  produces  are  rotated,  the  rod  should  therefore 
become  longitudinally  magnetized.  Attempts  by  others  to  obtain  this 
effect  have  hitherto  failed.  The  plan  by  which  it  is  hoped  to  succeed  in 
the  investigation  now  under  way  is  as  follows:  An  approximately  uniform 
field  is  produced  in  a  toroidal  region  with  intensity  normal  to  the  axis  of  the 
toroid.  This  field  is  produced  and  rotated  by  a  two-phase  system  of  electric 
currents.  The  toroid  is  filled  with  a  ring,  circular  in  cross-section,  of  fine 
permalloy  wire,  surrounded  with  symmetrical  coils  of  many  turns  of  insulated 
copper  wire  in  circuit  with  a  sensitive  ballistic  galvanometer.  The  change  of 
magnetization  produced  by  reversing  the  direction  of  rotation  of  the  field  is 
the  chief  quantity  observed. 

For  the  International  Critical  Tables  a  considerable  number  of  tables  has  been 
prepared,  giving  data  illustrating  the  relations  of  atomic  and  molecular 
structure  to  theories  of  magnetism. 

A  very  brief  paper  has  been  published  in  the  Annalen  der  Physik  showing 
that  there  is  no  disagreement  between  the  molecular  magnetic  moments  cal- 
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ciliated  on  the  equipartition  theory  of  Langevin  and  Weiss  and  the  quantum 
theory  of  F.  Reiche,  and  revealing  the  source  of  what  has  been  considered  a 
serious  discrepancy. 

A  brief  paper  on  the  theory  of  diamagnetism  has  been  published.  This 
paper  points  out  and  derives  relations  between  the  requirements  of  funda- 
mental theories  due  to  Weber,  Langevin,  and  W.  Pauli  jr.,  and  shows  further- 
more that  the  "Larmor  precession"  of  a  diamagnetic  molecule,  on  which 
Pauli's  theory  is  based,  has  nothing  to  do  with  the  orbital  motions  of  electrons, 
but  is  essentially  identical  in  mode  of  origin  with  the  rotations  produced  in 
Weber's  theory  by  the  creation  of  the  magnetic  field. 

The  article  on  the  angular  momentum  of  the  elementary  magnet,  originally 
published  as  a  part  of  the  report  of  the  National  Research  Council's  Com- 
mittee on  Theories  of  Magnetism,  has  been  revised  and  published,  after 
translation  into  German  by  Wurschmidt,  in  Die  Wissenschoff,  vol.  74,  1925. 

Assistance  has  been  received  from  Mrs.  Barnett  and  Mr.  J.  S.  Campbell. 

Barus,  Carl,  Brown  University,  Providence,  Rhode  Island.  Continuation  of 
investigations  in  inter ferometry .  (For  previous  reports  see  Year  Books 
Nos.  4,  5,  7-23.) 

Work  of  the  past  year  may  be  summarized  as  follows : 

If  two  similar  telephones  are  coupled  hermetically  by  a  short  straight  tube, 
the  character  of  the  vibration  of  the  air  columns  within  the  tube  will  depend 
on  the  vibration  of  the  plates.  If  the  telephones  are  supplied  by  alternating 
currents  in  phase,  the  tube  will  have  a  node  in  the  middle  and  the  correspond- 
ing acoustic  pressure  may  be  measured  by  a  pair  of  pin-hole  probes  (salient 
and  reentrant),  adjusted  at  the  center  in  question  and  communicating  with 
the  interferometer  U -gauge.  If  the  alternating  currents  actuating  the  tele- 
phones are  in  opposite  phases,  there  will  be  no  node  at  the  center  and  the 
acoustic  pressure  will  be  zero.  It  is  possible  to  pass  continuously  between  these 
extremes  by  varying  the  resistances  and  inductances  of  the  two  telephonic 
circuits,  relatively  to  each  other.  It  is  therefore  also  possible  to  interpret  the 
changes  which  the  telephonic  circuits  have  experienced,  from  the  observed 
variations  of  the  corresponding  acoustic  pressure. 

The  method  is  capable  of  very  wide  application  and  Mr.  Barus  is  engaged  in 
developing  a  number  of  the  more  interesting  cases.  It  may  be  noted  that  in 
some  instances  the  ear  may  replace  the  U-gauge. 

Hayford,  John  F.,  Northwestern  University,  Evanston,  Illinois.  Investiga- 
tion of  the  laws  of  evaporation  and  stream-flow.  (For  previous  reports  see 
Year  Books  Nos.  12-16,  19-23.) 

This  report  covers  the  period  from  June  30,  1924,  to  the  latter  part  of 
December  1924  at  which  time  John  F.  Hayford,  who  was  conducting  the 
investigation,  was  stricken  with  apoplexy,  which  resulted  in  his  death  in 
March  1925.    Investigation  has  not  been  carried  forward  since  December  1924. 

During  the  period,  June  30,  1924,  to  the  end  of  December  1924,  a  total  of 
13  least-squares  solutions  was  completed.  Of  these,  5  pertained  to  the  study 
of  evaporation  and  the  remaining  8  to  the  study  of  stream-flow.  Of  the  5 
solutions  made  on  evaporation,  3  were  in  connection  with  Lake  Michigan- 
Huron  and  the  remaining  2  with  Lake  Superior.  Of  the  8  stream-flow 
solutions,  5  were  in  connection  with  Stream  A,  Wagon  Wheel  Gap,  Colorado, 
and  the  remaining  3  with  Stream  B,  Wagon  Wheel  Gap,  Colorado. 
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The  study  of  the  laws  of  evaporation  has  narrowed  down  to  the  point 
where  the  final  form  of  the  equation  appears  to  have  been  determined  which 
expresses  best  the  relation  between  the  observed  meteorological  elements  on 
the  one  hand,  and  the  evaporation  from  any  free,  open  surface  of  water — 
such  as  a  lake,  river,  reservoir,  bay,  gulf — on  the  other.  The  constants  in  the 
equation  have  been  determined  with  a  reasonable  degree  of  accuracy.  The 
equation  has  not  yet  been  thoroughly  tested  out  and  might  require  slight 
modification  as  a  result  of  such  test. 

Each  solution  in  the  stream-flow  study  yielded  definite  results,  all  of  which 
were  consistent  with  the  working  hypothesis  adopted  at  the  outset,  and  each 
served  to  amplify  and  corroborate  that  hypothesis.  On  Stream  A,  Wagon 
Wheel  Gap,  Colorado,  decidedly  encouraging  results  have  been  obtained. 
The  work  on  Stream  B  was  in  progress  at  the  close  of  the  period  covered  by 
this  report. 

Millikan,  R.  A.,  Norman  Bridge  Laboratory  of  Physics,  Pasadena,  California. 
Research  Associate  in  Physics.  (For  previous  report  see  Year  Books  Nos. 
22,  23.) 

During  the  year  1924-1925,  fifty-seven  distinct  researches  have  been  pur- 
sued by  fifty-one  men,  all  of  whom  have  received  assistance  in  greater  or  less 
amount  from  funds  provided  by  the  Carnegie  Corporation  of  New  York  for 
work  on  atomic  structure  to  be  carried  on  in  the  Norman  Bridge  Laboratory 
of  Physics.  The  results  of  these  investigations  have  been  much  too  extensive 
to  admit  of  brief  resume.  Their  nature  may  be  best  seen  and  contact  with 
the  detailed  results  may  be  best  had  by  reference  to  the  following  list  of 
forty-three  articles  from  the  Norman  Bridge  Laboratory  published  between 
July  1,  1924,  and  June  30,  1925: 

(1)  The  fine  structure  of  the  nitrogen,  oxygen,  and  fluorine  lines  in  the  extreme  ultra- 

violet.    I.  S.  Bowen  and  R.  A.  Millikan,  Phil.  Mag.,  vol.  58,  259-265,  1924. 

(2)  The  extension  of  the  X-ray  doublet  laws  into  the  field  of  optics.     I.  S.  Bowen  and  R.  A. 

Millikan,  Phys.  Rev.,  vol.  24,  209-222,  1924. 

(3)  Some  conspicuous  successes  of  the  Bohr  atom  and  a  serious  difficulty.     R.  A.  Millikan 

and  I.  S.  Bowen,  Phys.  Rev.,  vol.  24,  223-228,  1924. 

(4)  The  assignment  of  lines  and  term  values  in  beryllium  II  and  carbon  IV.     R.  A.  Millikan 

and  I.  S.  Bowen,  Nature,  vol.  114,  380,  1924. 

(5)  The  significance  of  the  discovery  of  X-ray  laws  in  the  field  of  optics.     R.  A.  Millikan 

and  I.  S.  Bowen,  Proc.  Nat.  Acad.,  vol.  11,  119-122,  1925. 

(6)  A  possible  reconciliation  of  Bohr's  interpenetration  ideas  with  Sommerfeld's  relativistic 

treatment  of  electron  orbits.     R.  A.  Millikan  and  I.  S.  Bowen,  Phil.  Mag.,  vol. 
59,  923-935,  1925. 

(7)  The  series  spectra  of  the  stripped  atoms  of  phosphorus  (Py)j  sulphur  (Syi),  and  chlorine 

(Clyii).     I.  S.  Bowen  and  R.  A.  Millikan,  Phys.  Rev.,  vol.  25,  295-305,  1925. 

(8)  The  series  spectra  of  two-valence-electron  atoms  of  phosphorus  (Piv),  sulphur  (Sy), 

and  chlorine  (C1VI).     I.  S.  Bowen  and  R.  A.  Millikan,  Phys.  Rev.,  vol.  25,  591- 
599,  1925. 

(9)  The  series  spectra  of  three-valence-electron  atoms  of  phosphorus  (Pm),  sulphur  (Sjv)> 

and  chlorine  (Clv).     R.  A.  Millikan  and  I.  S.  Bowen,  Phys.  Rev.,  vol.  25,  600-605, 
1925. 

(10)  Series  spectra  of  two-valence  electron  systems  and  of  three-valence  electron  systems. 

I.  S.  Bowen  and  R.  A.  Millikan,  Nature,  vol.  115,  422-423,  1925. 

(11)  New  light  on  two-electron  jumps.     R.  A.  Millikan  and  I.  S.  Bowen,  Proc.  Nat  Acad., 

vol.  11,  329-334,  1925. 

(12)  On  the  dielectric  constant  of  gases.     Paul  S.  Epstein,  Phys.  Rev.,  vol.  25,  719,  1925. 

(13)  On  the  simultaneous  jumping  of  two  electrons  in  Bohr's  model.     Paul  S.  Epstein,  Proc. 

Nat.  Acad.,  vol.  10,  337-342,  1924. 

(14)  The  derivation  of  electromagnetic  fields  from  a  basic  wave  formation.     H.  Bateman 

and  P.  Ehrenfest,  Proc.  Nat.  Acad.,  vol.  10,  309,  1924. 
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(15)  On  the  motion  of  Faraday's  lines  of  force.     H.  Bateman,  Phys.  Rev.,  vol.  25,  895, 

1925. 

(16)  The  stability  of  electrons  and  protons.     H.  Bateman,  Messenger  of  Math.,  vol.  54, 

142-149,  1925. 

(17)  Weak  quantization.     Paul  Ehrenfest  and  Richard  C.  Tolman,  Phys.  Rev.,  vol.  24, 

287-395,  1924. 

(18)  The  principle  of  microscopic  reversibility.     Richard  C.  Tolman,  Proc.  Acad.  Sci.,  vol. 

11,  436-439,  1925. 

(19)  On  the  theory  of  diamagnetism.     S.  J.  Barnett,  Phys.  Rev.,  vol.  25,  835-840,  1925. 

(20)  The  Compton  and  Duane  effects.     Joseph  A.  Becker,  Proc.  Nat.  Acad.,  vol.  10, 

342-346,  1924. 

(21)  Soft  X-rays  and  secondary  electrons.     Joseph  Becker,  Phys.  Rev.,  vol.  24,  478-485, 

1924. 

(22)  X-rays  from  hot  sparks.     Albert  Bjorkeson,  Phys.  Rev.,  vol.  25,  884,  1925. 

(23)  Constancy  of  total  photocurrent  from  sodium  with  temperature  change  from  50°  C. 

to  190°  C.     Robert  C.  Burt,  Phil.  Mag.,  vol.  49,  1168-1176,  1925. 

(24)  The  band  spectra  of  crystals  and  complex  gases.     H.  Kahler,  Proc.  Nat.  Acad.,  vol. 

11,  266-269,  1925. 
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The  foregoing  is  not  a  record  of  the  researches  now  under  way  in  the 
laboratory,  but  merely  of  those  which  have  yielded  publishable  results  within 
the  year  in  time  to  actually  get  into  print  before  June  30.  Most  of  these 
investigations  are  still  being  continued,  and  a  group  of  new  ones  has  been 
started,  the  results  of  which  will  be  embodied  in  the  next  report  if  they  are 
in  print  before  June  30,  1926. 
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Nichols,  E.  L.,  Cornell  University,  Ithaca,  New  York.     Report  on  studies  in 
luminescence.     (For  previous  reports  see  Year  Books  Nos.  4-23.) 

In  the  artificial  preparation  of  luminescent  substances  certain  sulphides  are 
commonly  employed  with  a  trace  of  the  activating  element  such  as  copper, 
manganese,  or  bismuth. 

The  sulphides  which  have  been  found  available  as  solvents  are  those  of 
the  alkaline  earths  (especially  of  calcium),  and  of  zinc  and  cadmium. 

Concerning  luminescent  preparations  based  on  the  sulphides  of  zinc  and 
cadmium,  recent  experiments  by  M.  A.  A.  Guntz1  of  Nancy  have  made  clear 
many  points  hitherto  more  or  less  obscure,  confirming  and  explaining  the 
extended  investigations  of  Lenard  and  Klatt  and  of  numerous  other  workers 
concerning  both  classes  of  sulphides. 

Still  more  recently  the  as  yet  unpublished  researches  of  Miss  Engle  of  the 
University  of  Illinois  have  developed  corresponding  properties  of  various 
silicates,  but  preeminently  of  zinc  silicate  when  used  as  a  solid  solvent  with 
manganese  and  other  activators. 

That  the  luminescence  of  solid  solutions  is  by  no  means  confined  to  the 
above-mentioned  compounds  as  solvents  is  well  known.  In  nature  we  have, 
as  examples,  the  luminescence  of  nearly  all  calcites  and  fluorites,  of  kunzite, 
the  ruby,  certain  diamonds  and  of  countless  other  minerals.  Some  years  ago 
the  present  writer  and  Mr.  D.  T.  Wilber2  showed  that  the  oxides  of  calcium, 
magnesium,  silicon,  aluminum,  and  zirconium  when  sublimed  in  the  electric 
arc  were  strikingly  luminescent  in  the  cathode  tube  and  we  traced  the  effects 
to  various  activating  metals. 

Uranium  as  an  Activator. 

At  the  present  time  experiments  are  in  progress  with  other  solid  solutions 
and  with  especial  reference  to  uranium  as  an  activator.  This  element  is 
almost  unique  in  the  fact  that  its  most  striking  and  best-known  manifestations 
of  luminescence  have  not  been  obtained  hitherto  by  placing  its  oxide  or 
sulphide  in  dilute  solid  solution  but  by  the  formation  of  crystalline  uranyl 
salts,  i.  e.,  uranium  salts  in  which  UO2  appears  in  combination  with  an  acid, 
either  alone  or  as  a  factor  in  a  double  salt. 

Our  experiments  now  in  progress  show  that  uranium  in  solid  solution 
renders  various  media  luminescent,  provided  the  dilution  be  adequate. 
Highly  fluorescent  beads,  for  example,  are  produced  by  impregnating  sodium 
phosphate,  borate,  or  fluoride,  or  calcium  fluoride  with  a  proper  proportion  of 
any  convenient  uranium  salt  (such  as  UO2CI2)  and  "igniting." 

Uranium  as  an  activator  differs  from  those  usually  employed,  such  as 
copper,  manganese,  or  bismuth  and  also  from  the  rare  earths,  in  that  it  is 
inactive  or  nearly  so  in  the  sulphides  and  oxides  and  is  particularly  potent  in 
solid  solutions  of  the  fluorides  mentioned  above. 

This  was  strikingly  brought  out  in  a  recent  experiment  by  Mr.  Wilber  in 
which  a  trace  of  a  salt  of  uranium  was  ignited  with  CaC03.  The  resulting 
product  was  entirely  inert,  but  when  hydrofluoric  acid  was  added  and  the 
mixture  again  ignited  a  substance  was  formed  consisting  of  calcium  fluoride 
with  a  trace  of  uranium  fluoride  in  solid  solution.  This  material,  under 
excitation  by  spark  or  cathode  bombardment,  gave  a  livery  green  fluorescence. 

1  Guntz:  Comptes  Rendus  174,  p.  1356  (1925)  and  at  much  greater  length  in  his  thesis,  Etude 
sur  les  Sulfures  de  Zinc  Phosphorescents,  pp.  1-155,  1925. 

2  Nichols  and  Wilber:  Physical  Review  (2),  vol.  xvn,  p.  707. 
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In  this  report  for  1924  *  the  remarkable  properties  of  calcium  fluoride  in  the 
shape  of  fluorspar,  where  this  occurs  in  nature  as  a  solid  solvent  of  the  rare 
earths,  was  referred  to.  The  experiments  of  Miss  Wick  2  on  the  changes  in 
the  spectrum  produced  by  fusion  of  the  fluorspar  and  on  the  effect  of  heat 
treatment  upon  the  cathode  phosphorescence  3  of  this  mineral  have  been 
published. 

The  very  remarkable  effects  of  exposure  to  X-rays  upon  these  fluorspars 
observed  by  Miss  Wick  and  Miss  Slattery  are  in  the  hands  of  the  printer. 

It  was  the  above-mentioned  results  which  suggested  the  work  now  in 
progress  and  by  means  of  which  the  following  properties  have  thus  far  been 
established. 

(1)  The  color  of  luminescence  is 

(a)  Green  for  solutions  in  borax,  sodium  fluoride,  or  calcium  fluoride. 

(b)  Yellow  for  solutions  in  sodium  fluoride. 

(2)  Excitation  occurs  by  exposure  to 

(a)  Ultra-violet  light. 
(6)  Cathode  rays. 

(3)  The  spectrum,  like  that  of  the  luminescent  uranyl  salts,  consists  of  a 
group  of  narrow  bands,  the  position  and  relative  intensity  of  which  depend 
upon  the  solid  solvent  employed. 

(4)  The  law  of  the  optimum  as  determined  by  Urbain 4  and  Bruninghaus  5 
applies  to  these  cases  of  luminescence. 

(5)  Phosphorescence  of  these  substances  is  in  general  but  not  always  of 
the  vanishing  type. 

(6)  At  liquid  air  temperatures  the  bands  of  the  spectrum  are  greatly  nar- 
rowed, probably  with  resolution  into  groups. 

The  most  intense  and  interesting  of  these  new  luminescent  preparations  is 
that  in  which  NaF  is  the  solvent.  Under  the  iron  spark  this  lights  up  at  a 
distance  of  many  feet. 

It  is  easily  visible  in  broad  daylight  and  is  among  the  brightest  of  the  lumi- 
nescent substances  as  yet  known.     Its  properties  are  now  being  investigated. 

The  Rare  Earths  as  Activators. 

Through  the  kindness  of  Professor  H.  L.  Howes  and  of  Professor  James  of 
the  University  of  New  Hampshire  we  have  recently  come  into  possession  of 
samples  of  great  purity  of  six  of  the  rare  earth  elements  which  are  least  known 
as  regards  their  luminescence  and  powers  of  radiation  because  of  their 
unavailability  for  investigation.  These  are  Yttrium,  Samarium,  Europium, 
Terbium,  Dysprosium,  and  Thulium. 

A  preliminary  survey  by  Dr.  Howes  and  the  writer  indicates  that,  as 
might  be  expected  from  the  luminescent  properties  of  certain  fluorites  known 
to  contain  the  rare  earths,  finely  fluorescent  synthetic  preparations  can  be 
made  by  igniting  traces  of  the  oxides  of  these  elements  with  calcium  fluoride 
as  a  solvent.  Thulium,  for  example,  under  this  condition  has  rich  blue- 
violet  luminescence  in  the  cathode  tube,  while  Europium  under  like  conditions 

1  Carnegie  Year  Book  No.  23,  p.  302  (1924). 

2  Frances  G.  Wick,  Physical  Review  (2),  vol.  xxiv,  p.  274  (1924). 

3  Frances  G.  Wick  and  Josephine  M.  Gleason,  Jour.  Opt.  Soc.  Araer.,  vol.  ix,  p.  639  (1924). 

4  Urbain,  Spectrochimie,  p.  169. 

6  Brunigshaus,  Comptes  Rendus,  vol.  clix,  p.  531  (1919). 
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glows  red.     Both  luminescences  have  spectra  consisting  of  a  multitude  of  line- 
like bands. 

As  was  to  be  expected  from  the  known  behavior  of  Samarium,  the  lumines- 
cence of  which  had  previously  been  studied  by  Howes  l  and  earlier  by  Urbain, 
calcium  oxide  also  serves  as  a  diluent  for  these  elements,  but  the  spectrum 
varies  with  the  nature  of  the  solvent.  We  also  find  that  alumina  may  be  used 
with  striking  results. 

Miscellaneous  Items. 

Professor  F.  E.  E.  Germann  has  in  preparation  a  large  number  of  the 
double  cyanides  of  platinum,  by  means  of  which  the  luminescence  of  these 
compounds  is  to  be  investigated  with  special  reference  to  the  question  of  the 
mode  in  which  they  are  activated. 

Mr.  D.  T.  Wilber  has  in  progress  his  determination  of  the  possible  effect  of 
radioactive  temporary  products  upon  the  luminescence  of  the  uranyl  salts. 

Different  phases  of  the  problem  of  the  structure  of  the  emission  spectra  of 
solids  are  being  studied  from  the  point  of  view  of  incandescence  by  Professor 
L.  J.  Boardman,  of  cathodo-luminescence  by  Mr.  R.  M.  Fisher,  and  of  the 
luminescence  intervals  of  the  uranyl  salts  by  Miss  M.  A.  Ewer. 

Mr.  E.  K.  Plyler's 2  investigation  of  the  infra-red  absorption  bands  of 
water  has  appeared  in  the  Journal  of  the  Optical  Society  and  the  research  is 
being  extended  by  Professor  J.  R.  Collins  to  include  the  absorption  by  ice 
throughout  a  wide  range  of  temperatures. 

The  recent  observations  by  the  writer  and  Dr.  Howes  3  on  the  enhancement 
of  the  thallium  line  in  a  hydrogen  flame  by  exposure  to  the  ultra-violet 
radiations  of  thallium  has  found  interesting  confirmation  in  the  results  of 
Terenin,4  with  thallium  vapor  in  vacuo. 

1  Howes,  Physical  Review  (2),  vol.  xvn,  p.  63. 

2E.  K.  Plyler,  Jour.  Opt.  Soc.  Amer.,  vol.  ix,  p.  545  (1924). 

3  Nichols  and  Howes,  Physical  Review  (2),  vol.  xxiii,  p.  472  (Apr.  1924). 

4  Terenin,  Zeitschrift  fur  Physik;  vol.  xxxi,  p.  26  (Nov.  1924). 


SEISMOLOGY. 

(For  previous  reports,  see  Year  Books  Nos.  20-23.) 
REPORT  OF  THE  ADVISORY  COMMITTEE. 

The  Advisory  Committee  in  Seismology  has  pleasure  in  reporting  the 
continued  progress  of  its  study  of  California  earth  movements  during  the 
year  1924  and  1925  without  essential  change  of  plan.  A  considerable  amount 
of  geologic  work  in  the  study  of  fault  zones  has  been  done  during  the  year  in 
the  Mojave  Desert  and  in  Death  Valley,  the  system  of  primary  triangulation 
for  the  detection  and  measurement  of  horizontal  displacements  has  progressed 
rapidly  and  effectively,  and  the  development  of  suitable  instruments  for 
determining  the  two  horizontal  components  of  local  earth  movements  has 
progressed  to  completion.  Ground  for  a  new  laboratory  has  been  purchased 
by  the  California  Institute  of  Technology  and  the  construction  of  the  central 
station  laboratory  building  upon  it  has  been  begun.  The  laboratory  is  ex- 
pected to  be  occupied  by  Mr.  H.  0.  Wood,  Research  Associate  in  Seismology, 
and  his  associates,  about  January  1,  1926.  It  is  hoped  that  additional  sta- 
tions will  also  be  occupied  before  the  close  of  the  present  calendar  year  (1925), 
and  that  actual  work  in  what  has  been  happily  termed  the  seismologic  tri- 
angulation of  California  will  be  successfully  inaugurated. 

The  destructive  earthquake  at  Santa  Barbara  on  June  29,  1925,  has  also 
had  the  effect  of  stimulating  vigorous  local  cooperation  throughout  the  region 
where,  before  the  earthquake  occurred,  our  efforts  were  looked  upon  with 
some  indifference.  Rather  extensive  plans  are  now  under  consideration  for 
establishing  similar  stations  in  the  San  Francisco  Bay  region  and  possibly 
even  in  New  England,  which  also  was  visited  by  an  unusually  severe  earth- 
quake in  February  last.  Some  details  of  the  progress  made  during  the  year 
in  these  several  directions  will  be  presented  in  the  paragraphs  below. 

1.  Measurement  of  Surface  Displacement. 

Heretofore  we  have  depended  upon  astronomical  measurements  of  position 
for  indications  of  creep.  These,  to  be  effective,  must  be  continuous  over  long 
periods  of  time  and  provision  for  the  requisite  continuity  has  now  been  as- 
sured by  the  U.  S.  Coast  and  Geodetic  Survey  through  its  occupation  of  the 
latitude  station  at  Ukiah.  It  has  been  hoped  that  the  observations  at  Ukiah 
might  be  supplemented  by  similar  observations  at  Lick  Observatory,  but  no 
appropriate  instrument  has  yet  been  provided  there  for  this  work.  Such 
observations  as  can  be  made  at  Lick  Observatory  will  therefore  be  occasional 
rather  than  continuous  and  will  be  incidental  to  the  regular  work  of  the 
Observatory.  The  Committee  still  entertains  the  hope  that  the  special 
instrument,  for  which  budget  provision  was  made  several  years  ago,  may  yet 
be  built  and  placed  in  continuous  service  there.  It  would  also  be  most  de- 
sirable, for  obvious  reasons,  if  a  similar  station  could  be  established  in  southern 
California.  This  is  a  matter  for  future  consideration,  but  the  Mount  Wilson 
Observatory  would  afford  a  most  satisfactory  location  for  it. 

In  addition  to  the  information  obtained  from  latitude  observations  the 
Committee  reported  last  year  definite  indications  of  a  more  or  less  continuous 
displacement  revealed  by  the  primary  triangulation  on  the  west  side  of  the 
San  Andreas  fault.     From  these  measurements  it  appears  that  the  stations 
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occupied  by  the  Coast  Survey  on  the  west  side  of  the  fault  between  Monterey 
and  the  Santa  Barbara  Channel  have  all  been  moving  northward,  the  southern- 
most ones  showing  the  greatest  extent  of  displacement.  The  maximum  value 
reached  in  this  movement,  whatever  its  source,  is  about  24  feet  at  the  Gaviota 
station,  a  few  miles  west  of  the  city  of  Santa  Barbara.  In  view  of  this  report 
the  first  thought  suggested  by  the  earthquake  in  June  last  was  that  this  accu- 
mulated stress  had  found  release  and  was  the  proximate  cause  of  the  earth- 
quake itself.  A  preliminary  examination  of  the  ground  does  not  reveal  any 
considerable  earth  movements,  either  in  connection  with  or  in  consequence  of 
this  earthquake,  but  the  Coast  Survey  has  arranged  to  re-occupy  the  stations 
in  the  vicinity  during  the  coming  autumn  in  order  to  ascertain  just  how  much, 
if  any,  of  the  indicated  strain  has  been  relaxed.  These  displacements  may 
prove  to  be  so  closely  associated  with  crustal  creep  that  a  relation  of  cause 
and  effect  is  indicated,  and  the  direction  likely  to  be  taken  by  our  studies  in 
the  not  distant  future  will  be  to  ascertain  more  definitely  just  what  this 
relation  is. 

The  disturbance  at  Santa  Barbara  appears  to  have  been  caused  by  move- 
ment along  two  faults,  one  of  which  has  been  called  the  Mesa  Fault,  a  zone  of 
fracture  which  is  probably  not  simple  but  which  lies  along  the  northern  edge 
of  the  mesa  just  south  of  the  Southern  Pacific  Railway  tracks  immediately 
southwest  of  the  City  of  Santa  Barbara  and  extends  west  some  twelve  miles 
to  Naples.  This  fault  transmitted  the  principal  vibrations  that  caused  the 
damage  in  the  City. 

The  second  clearly  recognized  fault  runs  along  the  south  side  of  the  Santa 
Ynez  Mountains.  There  was  considerable  disturbance  along  this  fault  to  the 
west  of  Santa  Barbara,  but  it  was  not  active  to  the  east  of  the  City.  It  is 
possible  that  the  concentration  of  destructive  activity  on  State  Street  was 
due  to  the  interference  of  elastic  waves  from  these  two  sources.  In  any  event 
this  would  help  to  explain  the  extraordinary  diversity  of  intensities  in  that 
small  area.  Neither  group  of  displacements  appears  to  have  extended  east 
or  northeast  toward  the  great  San  Andreas  fault  or  to  have  received  any 
impulse  from  it. 

More  detailed  discussions  of  the  seismology  and  of  the  geology  of  the  Santa 
Barbara  shock  are  in  preparation  by  Mr.  Wood,  Research  Associate  in  Seis- 
mology, and  Mr.  Willis,  of  this  Committee,  and  will  presently  be  published 
in  the  Bulletin  of  the  Seismological  Society  of  America. 

As  was  stated  in  the  report  of  last  year,  an  accurate  system  of  primary  tri- 
angulation,  especially  placed  with  reference  to  these  studies,  has  now  been 
completed  from  Mount  Lola  and  Mount  Round  Top,  near  Reno,  Nevada,  to 
the  San  Francisco  Bay  region,  thence  southward  along  the  coast  to  a  point 
near  the  Mexican  boundary,  thence  eastward  to  American  Peak  in  the 
Colorado  River  Valley.  Supplementary  to  this  sytem  a  spur  was  extended 
northward  during  the  winter  of  1924  and  1925  from  the  San  Francisco  Bay 
region  in  the  direction  of  Ukiah  and  Point  Arena  with  the  help  of  a  special 
fund  allotted  for  this  purpose  by  the  Carnegie  Institution.  Unfortunate 
weather  conditions  were  encountered  and  in  consequence  the  allotment  was 
exhausted  before  the  end  stations  were  reached.  This  work  will  be  completed 
during  the  current  year. 

In  establishing  these  triangles  the  alignment  from  Point  Arena  and  Ukiah 
along  the  coast  to  the  Mexican  boundary  follows  the  course  of  the  major 
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faulting  in  the  west-coast  region,  and  is  therefore  expected  to  reveal  with 
precision  any  horizontal  movements  which  take  place  there.  The  spurs  to 
the  eastward  at  San  Francisco  Bay  and  along  the  Mexican  boundary  provide  a 
connection  betweeen  the  triangles  in  the  unstable  region  and  the  stablest 
terrane  available  nearby.  In  the  south  the  stations  in  the  Colorado  River 
valley  were  thought  to  afford  adequate  stability  as  reference  points.  The 
stations  on  Mount  Lola  and  Mount  Round  Top  do  not  afford  the  same 
geological  assurance  of  freedom  from  movement  in  view  of  the  faulting  in  the 
Great  Basin.  Accordingly,  as  a  further  measure  of  precaution  to  secure 
stability  in  our  points  of  reference,  additional  triangles  will  be  run  during  the 
present  summer  eastward  from  Mount  Lola  and  Mount  Round  Top  to  Carson 
Sink  and  Mount  Grant.  The  additional  triangles,  at  least  so  far  as  geological 
observation  indicates,  should  fix  the  stability  of  these  reference  points  beyond 
reasonable  doubt. 

The  continuation  of  this  program  of  triangulation  as  now  contemplated  will 
provide  a  cross  link  from  the  Nevada  region,  above  mentioned,  in  a  direction 
somewhat  west  of  south  to  connect  with  the  present  system  in  the  vicinity  of 
Los  Angeles.  This  line  of  triangles  when  completed  will  cross  the  supposedly 
active  fault  zones  of  Mono  and  Inyo  Counties  in  eastern  California  and  will 
afford  a  much  desired  base  from  which  to  recognize  movements  in  this  region. 

Provision  for  the  recognition  of  vertical  movements  as  a  part  of  these  studies 
is  hardly  more  than  begun  because  the  major  movements  hitherto  recognized 
in  California  have  shown  much  greater  displacement  in  the  horizontal  than 
in  the  vertical  dimension  and  so  were  deemed  to  be  the  more  important. 
Nevertheless  a  plan  has  been  developed  for  a  system  of  precise  levels  covering 
approximately  the  same  ground  over  which  the  horizontal  triangulation  above 
described  has  been  made.  The  first  of  these  series  of  levels  was  run  last  year 
over  the  Cajon  Pass  along  the  line  of  the  Santa  Fe  Railway,  because  on  that 
line  an  earlier  set  of  levels  was  in  existence  against  which  it  was  desirable  to 
check  and  also  because  the  line  crosses  several  of  the  known  faults  of  the  south 
California  region.  The  reduction  of  these  measurements  is  not  yet  completed, 
but  differences  of  the  order  of  magniture  of  one  foot  were  found  in  comparison 
with  the  levels  of  14  years  ago.  This  year  the  plans  of  the  Coast  Survey  con- 
templated a  similar  line  of  levels  to  the  top  of  Mount  Whitney  and  across  the 
fault  zones  which  have  been  located  to  the  east  and  west  of  it.  The  height  of 
Mount  Whitney  has  twice  been  determined  with  precision  in  earlier  years  so 
that  here  again  it  was  thought  that  a  desirable  check  on  possible  vertical 
movements  might  be  obtained.  Most  unfortunately,  however,  the  Survey 
party  on  reaching  the  8,000-foot  level  found  the  mountain  trail  completely 
destroyed  so  that  it  was  not  practicable  to  carry  the  survey  to  the  top  of 
Mount  Whitney  at  a  cost  in  any  way  commensurate  with  the  resources  avail- 
able.    Accordingly  the  levels  were  discontinued  at  the  8,000-foot  bench  mark. 

No  other  lines  of  precise  leveling  are  contemplated  with  the  resources  avail- 
able this  year,  but  next  year  it  is  hoped  to  establish  other  lines  with  particular 
reference  to  the  control  of  vertical  fault  movements  in  southern  California. 

In  this  connection  it  is  appropriate  to  mention  that  the  appropriation  avail- 
able to  the  Coast  and  Geodetic  Survey  for  triangulation  and  precise  leveling 
for  the  determination  of  earth  movements  was  cut  by  the  last  Congress  from 
$12,000  in  1924  to  $10,000  in  1925,  and  therefore  does  not  permit  the  same 
extent  of  ground  to  be  covered  as  in  previous  years. 


SEISMOLOGY.  373 

2.  Publications. 

In  the  Annual  Report  of  last  year  record  was  made  of  a  special  grant  of 
$5,000  by  the  Carnegie  Corporation  of  New  York  for  seismological  publication. 
Of  this  sum  there  has  been  expended  during  the  current  year  the  sum  of 
$1,235.21  for  the  publication  of  sixteen  papers  on  seismologic  subjects  in  volume 
14  of  the  Bulletin  of  the  Seismological  Society  of  America.  These  articles 
have  been  printed  by  the  Bulletin  at  actual  page  cost  of  printing.  The 
remainder  of  the  grant,  amounting  to  $3,764.79,  is  available  for  further  pub- 
lications of  similar  work  and  is  to  remain  available  until  expended. 

3.  The  Development  op  Instruments.1 

Because  of  its  urgency,  since  ordinary  ball-governor  driving  clocks  were  found 
unduly  expensive  and  otherwise  not  wholly  satisfactory  for  our  purposes,  we 
have  spent  by  far  the  greater  part  of  the  past  year  in  experimental  work  to 
develop  a  method  for  rotating  and  advancing  the  recording  drums  of  our 
local-earthquake  seismometer  assemblies.  Our  aim  has  been  to  develop  and 
make  ready  for  production  a  mechanism  for  driving  recording  drums  more 
accurately  and  with  less  cost  than  previous  devices  commonly  used  for  this, 
because  we  shall  need  a  considerable  number  of  such  driving  mechanisms  to 
operate  the  necessary  number  of  seismologic  stations,  and  because  our  require- 
ment in  respect  to  accuracy  and  uniformity  of  running  is  more  exacting  than  is 
usual  or  essential  in  teleseismic  registration.  The  steps  and  progress  of  this 
work  are  discussed  further  on. 

Turning  first  to  other  work  *  *  *  jointly  with  Dr.  J.  A.  Anderson  the 
writer  prepared  for  publication  a  paper  of  72  pages  entitled  Description 
and  Theory  of  the  Torsion  Seismometer.  This  was  submitted  for  publication 
to  the  Bulletin  of  the  Seismological  Society  of  America  in  February  1925,  and 
appears  in  the  March  number.  Great  pains  were  taken  to  make  the  pre- 
sentation simple  and  plain  in  the  hope  that  this  important  theoretical  matter, 
at  best  somewhat  difficult  in  aspect  to  readers  whose  training  in  physics  is 
elementary,  may  thus  be  made  clearer  and  more  serviceable  to  many  of  the 
routine  workers  in  seismology. 

To  a  greater  extent  than  usual  time  has  been  devoted  to  study  of  our 
experimental  seismograms  in  the  light  of  important  advances  in  seismology 
made  during  the  past  ten  years  and  presented  chiefly  in  foreign  publications, 
some  quite  recent,  others  older,  but  in  most  cases  only  recently  ascessible. 
This  work  will  not  lead  to  immediate  publication.  Our  seismograms  present 
certain  interesting  individual  characteristics  which  will  require  time  and  the 
accumulation  of  more  data  from  several  well-separated  stations  before  a  good 
understanding  of  their  meaning  will  be  obtained.  In  the  case  of  far-distant 
teleseisms  our  records  appear  to  agree  with  and  strengthen  the  hypothesis  of 
an  earth-core  at  a  depth  of  the  order  of  2,900  kilometers.  And,  in  addition  to 
peculiarities  not  yet  well  understood,  we  unquestionably  have  found  on  the 
records  of  many  local  shocks  amplitude  changes  in  the  first  phase  conforming 
with  the  P  and  P  phase  beginnings  brought  to  notice  first  by  Mohorovicic. 

Throughout  the  year  seismometer  B  has  been  operated  regularly,  except 
for  brief  accidental  intermissions,  at  the  California  Institute  of  Technology, 
without  significant  experimental  changes  or  any  results  which  require  detailed 
report  here. 

Seismometer  D  continued  in  operation  experimentally  at  the  Mount  Wilson 
Observatory  Office  plant  until  early  in  April  1925,  with  occasional  experi- 
mental changes  in  adjustments,  constants,  and  the  assembly   of   auxiliary 

1  Extracted  from  the  Report  of  H.  O.  Wood,  Research  Associate  in  Seismology. 
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apparatus.  No  detailed  report  upon  this  can  be  given  here.  All  findings 
were  in  good  accord  with  theory.  As  an  outcome  of  this  experimental  opera- 
tion the  conclusion  was  reached  that  this  instrument  had,  at  all  times,  too  high 
static  or  geometric  magnification  and  too  low  damping  for  optimum  registra- 
tion of  local  earthquakes  in  the  regular  routine  way.  This  is  true  even 
though  a  few  of  the  shocks  recorded  were  too  weak  for  good  registration. 
There  are  probably  many  definite  shocks  too  feeble  to  be  registered  by  any 
instrument  practical  for  routine  use.  However,  for  special  purposes  even 
higher  static  magnification  is  advantageous  or  necessary.  It  can  easily  be 
obtained  by  suitable  changes  in  the  suspended  system.  Also  the  period  can 
be  changed  through  a  considerable  range,  with  the  damping  maintained  at 
the  critical  value. 

Throughout  the  year  seismometer  E,  designed  for  teleseismic  registration, 
has  been  operated  continuously  at  the  Observatory  Office  station  with  several 
instructive  changes  in  adjustment  and  constants.  Numerous  teleseisms  have 
been  registered  which  exhibit  differences  due  in  part  to  the  characteristics  of 
the  shocks  themselves  and  in  part  to  the  changes  in  adjustment.  Two  may 
be  mentioned  here.  [Details  omitted.]  *  *  *  Such  records  as  these, 
supported  by  others,  including  our  records  of  the  Japanese  shocks  of  September 
1923  (with  local-earthquake  instruments),  make  us  well  satisfied  that  the 
torsion  seismometer  designed  for  distant  earthquake  registration  will  compare 
favorably  with  the  best  instruments  hitherto  in  use.  For  convenience  of 
adjustment,  small  changes  in  design  and  construction  are  required.  These  are 
easy  to  make. 

In  April  1925,  seismometer  D  was  replaced  by  seismometer  F,  with  a 
static  magnification  of  about  1,400  and  a  proper  period  of  about  0.9  second 
when  undamped.  At  first  this  was  tried  with  slight  over-damping,  which  was 
afterward  reduced  to  about  h=  0.9  (h=0=  no  damping,  h=l  =  critical  damp- 
ing, following  Galitzin's  notation  h2=  1  —  ju.2).  After  a  little  over  two-months 
use  we  conclude  that  the  static  magnification  of  this  instrument  is  still  a 
little  higher  than  is  best  for  routine  operation,  but  not  greatly  so,  since  many 
shocks  now  well  recorded  would  not  be  well  registered  with  a  much  lower 
magnification.  However,  for  shocks  perceptible  at  the  station  a  considerably 
lower  static  magnification,  and  perhaps  also  an  instrument  of  lower  sensitivity, 
is  necessary  for  good  registration.  Strong  shocks,  and  great  shocks,  require 
still  less  sensitive  instruments  and  still  lower  magnifications,  so  far  as  it  may 
be  possible  to  register  such  shocks  at  all.  Registration  of  the  shocks  of  the 
Santa  Barbara  earthquake  beginning  June  29,  1925,  demonstrated  this  well. 
In  this  case  a  few  of  the  aftershocks  were  barely  registered  at  Pasadena  by 
instrument  F,  many  were  well  registered,  some  were  too  strong  for  excellent 
registration  but  were  usefully  recorded,  and  some,  including  the  chief  shocks, 
were  not  usefully  recorded.  There  is  not  space  here  for  further  discussion  of 
this  shock.     It  will  be  discussed  at  length  in  the  proper  place. 

The  design  of  a  vertical  component  seismometer  with  a  period  longer  than 
0.4  to  0.5  second  offers  difficulties  which  may  be  overcome  in  several  ways, 
none  of  which,  however,  have  been  found  quite  satisfactory.  A  great  deal  of 
consideration  has  been  given  to  this  problem  and  further  experiments  will  be 
made  at  the  earliest  opportunity.  There  is,  of  course,  no  difficulty  in  design- 
ing vertical  instruments  along  the  lines  of  those  hitherto  in  use,  and  with 
short  periods  the  torsion  instrument  can  be  used  directly,  but  there  is  hope  of 
obtaining  an  instrument  superior  in  principle  to  previous  models  for  this 
direction  of  motion. 

We  have  experimented  further  with  the  piezo-electric  principle,  utilizing  a 
resistance  coupled  amplifier.  This  principle  is  sure  to  prove  useful  with  rapid 
feeble  vibrations,  but,  with  electron  tubes  now  available,  there  are  difficulties 
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when  slow  vibrations  are  the  subject  of  study.  With  electrostatic  apparatus, 
or  very  high  impedance  tubes,  the  principle  will  yet  be  utilized  to  measure 
slower  vibrations. 

Extended  consideration  has  been  given  to  the  experimental  work  which 
should  be  taken  up  after  the  successful  development  of  the  driving  mechanism, 
which  is  now  apparently  near  a  practical  solution.  Following  after  the  earliest 
practical  accomplishment  of  this,  experimental  work  should  be  continued  as 
opportunity  allows  to  effect  its  improvement  in  all  practicable  ways. 

First,  however,  attention  should  be  given  to  a  method  for  making  time 
marks  upon  all  the  seismograms  at  all  the  stations  of  the  system  by  special 
minute-to-minute  radio  time-signals,  thus  eliminating  from  our  seismograms 
all  relative  time  errors.  It  is  hoped  that  this  may  be  accomplished  without 
undue  delay — otherwise  excellent  time-marking  chronometers,  and  means  for 
frequent  determination  of  their  corrections,  will  be  required  at  each  station; 
and,  further,  in  addition  to  this  costly  equipment,  much  valuable  time  will 
have  to  be  spent  in  determining  the  time  error  for  each  station  on  all  the 
seismograms  on  which  earthquakes  are  registered.  This  labor  will  be  saved 
if  radio  timing  is  successfully  developed. 

A  method  of  driving  drums  for  teleseismic  assemblies  has  been  considered 
which  should  prove  adequate  for  this,  and  be  much  less  costly  to  construct  and 
operate  than  the  drive  necessary  for  local-shock  instruments.  This  will 
require  some  development. 

A  seismometer  designed  to  record  the  energy  of  the  shock  at  the  station, 
rather  than  its  acceleration  or  other  physical  magnitude,  should  prove  of 
great  use  in  checking  the  determination  of  phase-beginnings  and  in  clarifying 
the  interpretation  of  the  interior  conditions.  It  seems  possible  that  such  an 
instrument  can  be  developed  without  encountering  serious  obstacles.  If 
successful  its  records  would  probably  afford  the  solution  of  many  vexing 
problems.  A  scheme  for  such  a  seismometer  has  been  considered  at  length. 
Its  development  should  be  attempted. 

There  is  need  of  a  visible- writing  seismograph  whose  record  can  be  consulted 
at  any  time.  It  will  be  of  great  advantage  if  it  can  also  be  an  instrument  of 
reasonable  precision  and  not  a  mere  indicator.  There  is  hope  that  a  useful 
instrument  for  this  can  be  developed  along  new  lines.  Visible-writing  seis- 
mographs of  the  older  kind  will  not  meet  all  of  the  needs.  A  better  type 
should  be  sought. 

Returning  to  our  work  on  the  recorder  driving  mechanism — early  in  the 
year  we  received  from  England  a  tuning-fork  synchronous-motor  assembly 
which  runs  very  accurately.  We  hoped  this  would  provide  a  "ready-made" 
solution  of  our  problem.  However,  upon  trial  it  did  not  work  efficiently 
enough,  and  when  periods  of  operation  of  several  days'  duration  were  attempted 
it  was  found  wanting  in  reliability,  though  doubtless  it  ran  very  accurately 
while  it  continued  running.  Nevertheless  it  conclusively  demonstrated  the 
suitability  of  the  synchronous-motor  principle  for  the  driving  of  our  drums. 

To  get  rid  of  the  difficulties  encountered  with  the  electric  contact  points 
of  the  tuning  fork  we  then  constructed  an  electron-tube  oscillator  with  its 
oscillations  controlled  by  a  capacity  and  an  inductance,  the  latter  in  the 
earlier  models  constructed  with  an  iron  core.  By  amplifying  this  oscillatory 
current  it  was  made  to  operate  a  contact-making  relay  which  then  took  the 
place  of  the  tuning  fork.  First  and  last  a  considerable  number  of  relays  were 
tried  out,  but  at  length  a  very  satisfactory  type  was  found,  a  telegraph  relay 
recently  developed  for  continuous  commercial  service.  To  secure  efficiency 
a  special  reaction  machine,  or  simple  impulse  synchronous  motor,  was  con- 
structed, to  run  with  a  very  small  current  working  through  the  relay.  At  a 
very  early  stage  in  this  work  it  was  obvious  that  the  electron-tube  oscillator 


376  CARNEGIE    INSTITUTION    OF   WASHINGTON. 

could  be  made  reliable  and  sufficiently  accurate — even  very  accurate — and 
that  we  were  making  progress  along  a  useful  route,  but  many  theoretical  and 
practical  obstacles  were  encountered  which  had  to  be  eliminated  one  by  one, 
and  considerable  time  elapsed  before  a  well-balanced  assembly  was  obtained, 
so  that  the  motor  could  be  run  both  reliably  and  efficiently  by  the  relay  in 
synchronism  with  the  oscillator. 

In  order  to  obtain  a  synchronous  motor  which  would  be  self-starting  and 
rotate  in  one  direction  only,  we  had  recourse  to  a  three-phase  field  winding 
with  a  soft  iron  rotor.  This  necessitated  three-phase  current  with  constant 
frequency.  An  early  solution  of  this  requirement  was  the  design  and  con- 
struction of  a  three-phase  electron-tube  oscillator,  which  worked  excellently. 
But  it  was  soon  found  possible  to  obtain  three-phase  pulsating  direct  current 
(which  served  quite  well  enough)  more  simply  and  much  more  cheaply  by 
driving  a  three-phase  commutator  or  distributor  by  means  of  the  ordinary 
impulse  motor  controlled  by  an  oscillator  of  the  ordinary  kind.  A  reasonably 
efficient  three-phase  motor  was  obtained  by  re-winding  an  ordinary  l/20th 
horsepower  50-cycle  single-phase  induction  motor  for  3-phase  current,  5  cycles 
at  32  volts.  We  hope  to  obtain  a  still  more  efficient  motor  by  similar  suitable 
changes  in  a  smaller  commercial  motor.  But  also,  in  an  endeavor  to  secure 
still  greater  efficiency,  a  three-phase  motor  of  special  design  was  constructed. 
If  a  modified  commercial  motor  of  suitable  efficiency  is  not  found  this  design 
can  be  refined  and  developed  successfully,  but  such  motors  will  have  to  be 
constructed  in  small  numbers  and  it  is  desirable  to  avoid  this  expense  if  pos- 
sible. However,  efficiency  is  essential  since  we  must  operate  from  a  storage 
battery  which  must  be  large  enough  to  render  the  station  independent,  for  a 
day  or  two  at  least,  of  the  commercial  current  supply.  Hence  the  current 
draft  must  be  kept  as  small  as  is  practicable. 

In  the  meantime  it  was  recognized  that  an  oscillator  controlled  by  an  air- 
core  inductance  would  be  more  accurate  and  more  uniformly  reliable  in  our 
assembly  than  one  with  an  iron-core  inductance.  This  was  tried  and  the  two 
were  compared,  after  a  period  of  balancing  and  readjustment,  both  with  and 
without  thermostatic  temperature  control.  As  a  result  it  was  clear  that  the 
air  core  assembly  was  as  good,  nearly,  without  temperature  control  as  the 
iron-core  assembly  with  temperature  control.  But  both  behave  better  in  an 
even  temperature  than  in  a  variable  one.  However,  the  air-core  inductance 
has  still  more  significant  advantages. 

From  time  to  time  during  the  development,  doubt  arose  as  to  the  advis- 
ability of  trusting  a  system  in  which  contact-making  relays  form  an  essential 
part.  Consequently  there  was  designed  and  constructed  an  oscillator- 
amplifier  assembly  terminating  with  a  5-watt  electron  tube  which  provides 
an  output  capable  of  operating  a  small  synchronous  motor  directly  without 
intervening  mechanical  parts,  *  *  *  and  with  some  modifications  and  a 
second  5-watt  tube  an  output  capable  of  operating  several  motors  can  be 
obtained.  A  similar  assembly  ending  with  a  50-watt  electron  tube  was 
designed  but  has  not  yet  been  constructed.  In  principle  this  method  of 
running  the  necessary  number  of  synchronous  motors  is  superior  to  any  of  the 
others,  but  it  is  not  yet  certain  that  such  assemblies  can  be  constructed  and 
operated  at  sufficiently  low  cost.  If  it  is  found  possible  to  do  this,  this 
method  should  later  supplant  the  system  which  is  now  regarded  as  the  im- 
mediately practical  solution  upon  which  attention  is  now  concentrated.  The 
direct  tube-drive  should  be  developed  further  at  a  later  stage.  It  will  afford 
a  practically  perfect  method  for  driving  recording  drums  if  a  low  cost  assembly 
can  be  worked  out. 

However,  success  at  relatively  low  cost  appears  to  be  in  sight  with  an 
assembly  consisting  of  an  oscillator-amplifier  with  an  air-core  inductance  held 
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at  even  temperature  working  an  excellent  relay  which  controls  and  operates  a 
simple  impulse  synchronous  motor.  The  motor  in  turn  drives  a  three-phase 
distributor  which  supplies  three-phase  pulsating  direct  current  from  a  32-volt 
storage  battery  of  adequate  ampere-hour  capacity  to  a  number  of  3-phase 
5-cycle  synchronous  motors,  sufficient  to  operate  all  the  recording  drums  at  a 
given  station.  Each  of  these  synchronous  motors  drives  the  gear-work  which 
rotates  and  advances  one  of  the  recording  drums,  with  an  accuracy  directly 
referable  to  the  behavior  of  the  oscillator.  The  oscillators  already  con- 
structed appear  to  perform  better  than  most  good  clocks,  excluding  clocks  of 
the  highest  precision. 

The  reliability  of  such  a  driving  assembly  will  be  considerably  increased  if 
the  oscillator  is  made  to  operate  two  relays  (instead  of  one)  which  in  turn 
furnish  current  to  a  quarter-phase  impulse-actuated  synchronous  motor.  A 
motor  thus  served  and  controlled  will  be  self-starting,  unless  overloaded,  and 
it  will  rotate  in  only  one  direction.  This  improvement  is  still  under  develop- 
ment. 

If  the  present  oscillator  can  be  replaced,  without  sacrifice  of  reliability  and 
accuracy,  by  an  oscillator  operating  on  the  heterodyne  principle,  the  assembly 
will  be  simplified  considerably  and  it  can  then  be  regulated  much  more  easily 
and  finely.     Such  an  oscillator  is  being  developed. 

Moreover,  if  it  is  found  practicable  to  substitute  for  the  inductance- 
capacity  element  a  simple  temperature-compensated  vibrating  spring  or  reed 
a  much  further  simplified  system  of  still  greater  precision  and  ease  of  adjust- 
ment should  result.     This  is  under  experiment. 

It  will  be  apparent  that  this  comprehensive  attempt  to  develop  a  driving 
mechanism  has  involved  much  thought  and  experimentation  with  many 
groupings  and  assemblies  of  apparatus  and  modifications  too  numerous  to 
report  in  detail.  Numerous  problems  as  to  theory  have  been  encountered  in 
the  work  of  planning  experiments  and  designing  apparatus.  Altogether  this 
work  has  made  large  demands  on  time  and  energy.  So  it  is  gratifying  to 
report  that  it  already  gives  definite  promise  of  success,  and,  further,  that  the 
continuation  of  the  development,  after  a  first  practicable  assembly  is  thor- 
oughly proved,  appears  certain  to  lead  to  significant  simplifications  and  re- 
finements, and  very  probably  further  reductions  in  cost. 

In  the  course  of  the  year  18  recording  drums  with  bases,  supporting  brackets, 
and  leveling  screws  were  built  for  us  by  Mr.  F.  C.  Henson.  These  are  com- 
pleted and  ready  to  be  equipped  with  gear-work  and  synchronous  motors  when 
the  driving  mechanism  has  reached  the  stage  of  production. 

4.  Observation  Stations. 

During  the  past  year  an  arrangement  has  been  entered  into  with  the  Cali- 
fornia Institute  of  Technology  whereby  the  Institute  will  build  upon  appro- 
priate ground  in  the  City  of  Pasadena  a  seismological  laboratory,  which  is  to 
serve  as  the  central  station  for  research  work  in  seismology  of  the  Carnegie 
Institution  of  Washington  and  also  as  the  central  unit  in  a  group  of  observa- 
tion stations  through  which  will  be  undertaken  the  systematic  study  of  local 
earth  movements  in  the  southern  California  region.  The  research  work  of 
the  station  will  be  conducted  by  the  Advisory  Committee  in  Seismology  under 
the  immediate  supervision  of  Mr.  H.  O.  Wood,  Research  Associate  in  Seis- 
mology, and  Dr.  J.  A.  Anderson  of  this  Committee,  with  competent  assistants. 

On  the  other  hand  the  station  will  be  enrolled  in  the  newly  established 
Department  of  Geology  of  the  California  Institute  of  Technology  and  will 
afford  such  opportunity  for  advanced  students  in  geology  to  share  in  the 
conduct  of  research  problems  in  seismology  as  the  character  of  the  problems 
and  the  capacity  of  the  laboratory  may  permit. 


378  CARNEGIE    INSTITUTION   OF   WASHINGTON. 

In  pursuit  of  this  plan  a  tract  of  three  acres  located  on  a  granite  hillside 
just  west  of  the  City  of  Pasadena  has  been  purchased  and  ground  broken 
for  a  laboratory  building  which  is  already  in  process  of  construction  and  is 
expected  to  be  occupied  soon  after  January  1,  1926. 

The  ground  floor  will  provide  a  seismograph  room  with  six  piers  built 
directly  upon  the  underlying  granite,  a  small  laboratory  room  with  two  addi- 
tional piers  for  experimental  purposes,  a  photographic  room,  a  radio  room, 
and  a  large  storage  and  file  room.  At  the  back  of  the  building  two  tunnels 
will  be  driven  into  the  granite  rock  composing  the  hillside,  one  to  a  depth 
of  36  feet,  the  other  30  feet.  The  two  tunnels  will  enter  from  opposite  ends 
of  the  building  and  will  be  connected  by  a  covered  passage  the  entire  length 
of  the  building  (78  feet).  This  passageway  with  tunnels  at  right  angles  to 
it  at  each  end  will  afford  excellent  opportunity  for  tilt  experiments  in  two 
dimensions  which  have  long  formed  a  part  of  the  Committee's  plan. 

On  the  second  floor  are  two  laboratories,  four  offices,  a  large  drafting  and 
measuring  room,  and  an  attractive  lobby  at  the  main  entrance,  which  is  on 
this  floor. 

The  entire  building  is  of  concrete,  about  78  by  40  feet  in  floor  area  exclusive 
of  tunnels  and  passageway,  has  a  tile  roof,  and  is  of  nearly  earthquake-proof 
construction. 

The  first  of  the  branch  stations  will  be  located  at  the  Scripps  Oceanographic 
Laboratory  of  the  University  of  California  at  La  Jolla.  In  the  basement  of 
the  main  building  of  this  station  a  room  has  been  set  aside  and  equipped  with 
piers  ready  to  receive  instruments  as  soon  as  the  latter  are  ready.  This 
station  is  located  directly  on  the  beach  of  the  Pacific  Ocean  and  will  afford 
excellent  opportunity  to  study  the  effect  upon  sensitive  instruments  of  the 
pounding  of  sea-waves,  concerning  which  there  has  always  been  some  con- 
troversy because  of  their  possible  relation  to  microseisms. 

The  second  of  the  branch  stations  will  be  located  at  Riverside,  approx- 
imately eastward  from  the  central  station  in  Pasadena.  A  contract  for  this 
station  has  been  entered  into  with  the  municipal  government  of  Riverside 
which  will  provide  the  building  and  an  attendant  to  care  for  the  instruments 
and  change  the  seismograph  sheets  daily.  The  contract  will  run  for  five  years 
and  the  building  is  designated  for  the  exclusive  use  of  the  Carnegie  Institution 
of  Washington  for  this  purpose.     Construction  is  to  be  begun  at  once. 

The  third  branch  station  will  be  established  on  Mount  Wilson  as  a  part  of 
the  Mount  Wilson  Solar  Observatory. 

Negotiations  are  proceeding  with  San  Diego  County  for  a  station  at  Fall 
Brook  and  with  the  owners  of  Catalina  Island  in  the  hope  that  we  may  be 
enabled  to  complete  a  group  of  five  branch  stations  about  the  central  labora- 
tory at  Pasadena. 

In  view  of  the  recent  earth  movements  at  Santa  Barbara,  which  have  re- 
sulted in  the  partial  destruction  of  the  business  portion  of  that  city,  and  the 
further  fact  that  the  primary  triangulation  by  the  Coast  Survey  (p.  371)  has 
revealed  a  displacement  or  creep  in  this  region  amounting  to  as  much  as  24  feet, 
it  is  earnestly  recommended  that  a  further  triangle  be  set  up  to  the  north  and 
west  of  the  Pasadena  station  so  as  to  include  this  seismically  active  region. 
A  station  near  Santa  Barbara  and  a  second  to  the  north  of  San  Bernardino 
would  serve  this  purpose. 
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5.  Related  Activities. 

The  Advisory  Committee  in  Seismology  was  constituted  to  "advise  with 
the  President  regarding  the  initiation  and  development  of  research  in  the  field 
of  seismology,"  it  therefore  appears  pertinent  to  include  in  this  report  brief 
mention  of  two  activities  which  have  been  inaugurated  during  the  present 
year  in  which  this  Committee  has  had  no  official  part  but  indirectly  has  given 
such  aid  and  counsel  as  it  could. 

During  the  past  summer  the  Jesuit  students  of  seismology  representing 
such  important  stations  as  Georgetown  University  (Washington),  Fordham 
University  (New  York),  St.  Ignatius  College  (Cleveland),  St.  Louis  University 
(St.  Louis),  and  many  others,  met  in  Chicago  to  arrange  for  a  cooperative 
organization  with  two  important  purposes  (among  others) :  (1)  To  provide  for 
uniform  standards  of  measurement  and  interpretation  of  seismograph  records, 
(2)  to  encourage  seismologic  research.  A  tentative  organization  was  per- 
fected for  the  first  year  which  has  been  designated  the  "Jesuit  Seismological 
Association,"  with  Professor  J.  B.  Macelwane  of  St.  Louis  as  organizing  officer 
and  director  of  the  central  station.  In  view  of  the  fact  that  the  Jesuit  order 
maintains  seismologic  stations  all  over  the  world  and  has  always  taken  a 
leading  part  in  the  development  and  prosecution  of  seismologic  studies,  and 
the  further  fact  that  Professor  Macelwane  is  himself  one  of  the  foremost 
students  of  seismology  in  this  country,  very  much  may  be  expected  of  this 
new  organization. 

Under  the  leadership  of  a  member  of  the  Advisory  Committee  in  Seismol- 
ogy (Mr.  Willis)  an  effective  beginning  has  been  made  in  the  study  of  safe 
building  construction  and  proper  insurance  against  the  earthquake  risk. 

The  Committee  on  Building  for  Safety  against  Earthquakes,  organized  by 
the  Seismological  Society  of  America  in  cooperation  with  the  Society  of 
American  Civil  Engineers,  the  American  Institute  of  Architects,  the  National 
Board  of  Fire  Underwriters,  and  several  other  organizations,  has  carried 
on  its  work  throughout  the  year,  investigating  the  actual  conditions  of  building 
and  seeking  practical  methods  of  improving  them  at  reasonable  cost.  Reports 
have  been  prepared  in  preliminary  form  and  discussed  among  the  members 
of  the  Committee  with  a  view  to  revision  and  expansion  for  the  final  report. 
Mr.  Willis  drew  up  an  analysis  of  earthquake  forces  in  relation  to  engineering 
problems,  which  was  published  in  part  in  the  Bulletin  of  the  Seismological 
Society  in  one  of  the  papers  on  Earthquake  Risk  in  California.  Mr.  Dewell, 
the  representative  of  the  Committee  of  the  Society  of  American  Civil  Engi- 
neers, has  prepared  a  report  on  the  character  and  magnitude  of  strains  set 
up  by  earthquake  shock  in  frame  structures,  and  this  is  now  in  press  in  the 
forthcoming  number  of  the  Bulletin.  Mr.  Hunt,  representative  of  the  Amer- 
ican Institute  of  Architects,  is  preparing  a  report  on  the  construction  of  walls, 
panel  walls,  roofs,  and  floors,  in  which  he  will  point  out  the  peculiar  weak- 
nesses of  modern  practice  and  suggest  better  methods.  A  report  on  founda- 
tions by  Mr.  Mcintosh,  representative  of  the  Bureau  of  Engineering  of  the 
City  of  San  Francisco,  is  expected  before  the  end  of  the  year.  In  matters 
relating  to  insurance  and  public  safety  Mr.  Andrews  of  the  National  Board  of 
Fire  Underwriters,  and  Mr.  Manwaring,  representing  the  Committee  on 
Safety  of  the  City  of  Los  Angeles,  have  been  active  in  studying  the  relation 
of  earthquake  damage  to  the  fire  hazard.  Mr.  Andrews  has  prepared  a  pre- 
liminary report  which  is  to  be  enlarged  before  publication.     Mr.  Manwaring 
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has  written  a  statement  on  panic  and  its  prevention,  which  will  shortly  be 
published  in  the  Bulletin. 

The  work  of  this  Committee  has  been  extended  to  the  consideration  of  prac- 
tical methods  of  enforcing  better  construction.  It  having  been  ascertained 
that  building  codes  take  no  account  of  the  stresses  which  may  be  set  up  by  an 
earthquake,  it  appeared  desirable  to  take  steps  toward  introducing  such  pro- 
visions into  the  codes  of  the  Pacific  Coast  cities  and  elsewhere.  To  this  end 
a  general  statement  regarding  the  magnitude  of  the  stresses,  the  conditions 
governing  their  intensity,  and  the  general  features  of  design  necessary  to 
resist  them,  was  drawn  up  by  Mr.  Willis  in  cooperation  with  Professors  C.  D. 
Marx  and  C.  B.  Wing  of  Stanford  University,  and  steps  are  now  being  taken 
to  have  detailed  specifications  written  in  accordance  with  these  general  pro- 
visions. It  is  anticipated  that  with  the  aid  of  the  National  Board  of  Fire 
Underwriters  a  uniform  code  of  provisions  against  earthquake  stresses  may 
thus  be  developed  and  placed  at  the  service  of  all  cities  where  there  is  earth- 
quake risk. 

The  cooperative  work  of  the  Seismological  Society  is  thus  reaching  out 
into  fields  of  practical  application  and  is  drawing  into  the  effort  toward 
greater  security  through  better  building  the  interests  which  are  behind 
insurance,  banking,  engineering,  and  municipal  control. 

6.  Recommendations. 

It  is  recommended  that  provision  be  made : 

(1)  For  further  experimental  work  on  vertical-component  instruments  for 
the  stations  already  designated. 

(2)  For  the  further  study  of  minute-to-minute  time  signals  for  simultaneous 
record  at  all  of  the  stations. 

(3)  For  further  experimental  work  in  the  study  of  cumulative  stresses 
(tilt  mechanism). 

(4)  For  two  additional  branch  stations  at  appropriate  points  north  and 
west  of  Pasadena. 

J.  A.  Anderson, 

Ralph  Arnold, 

W.  W.  Campbell, 

Arthur  L.  Day  {Chairman), 

A.  C.  Lawson, 

P.  A.  MlLLIKAN, 

Harry  Fielding  Reid, 
Bailey  Willis, 

Advisory  Committee  in  Seismology. 
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